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Fact finding 


Laboratory tests at the N.C.B. Coal 
Research Establishment had proved that 
‘froth-flotation’ was the most efficient method of 
cleaning fine coal before making it into high- 
grade smokeless fuel. 

But before the process could be put on an 
industrial basis the scientists needed to know 
much more about it. So they put photography 
to work, to get the facts. 

A ‘Kodak’ High-Speed Cine Camera was 
used, with a beam-splitting device between 
camera and object to give two pictures on each 
frame, one at right angles to the other. The film Photograph by courtesy of N.C.B. Coal Research Establishment. 


was shot on 16 mm Cine-Kodak ‘Tri-X’ Film 
The scientists then examined the acion LO MM Cine - Kodak 
‘TRI-X?’ 

It is significant that more and more Reversal and Negative Films 


laboratory photographers are using ‘Tri-X’ 

film for very high speed cinematography Full information from: 

where clear reproduction of minute details Kodak Limited, Industrial Sales Division, 

is essential. Kodak House, Kingsway, London, W.C.2. 


DIRECT READING pH METER 


MODEL 23A 


This high-grade laboratory pH Meter 
is one of the most widely used 
instruments in electrochemical 
research. 

Some 50 different types of electrodes 
are available for pH, redox and micro 
analytical work. Stable to 0.02 pH 
with a B.S. precision grade meter 
and a recorder output. 


Certificate of intrinsic safety No. 1.5.3082 


ELECTRONIC INSTRUMENTS LIMITED - RICHMOND . SURREY . ENGLAND 
RiChmond 5656 
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ADMINISTRATION OF SCIENCE IN BRITAIN AND THE UNITED 
STATES 


HE papers presented to the Sixth Conference on 

Scientific Manpower, held at Indianapolis last 
December in conjunction with the 124th annual 
meeting of the American Association for the Advance- 
ment of Science, have recently been published by the 
National Science Foundation*, with an introductory 
account reviewing the major developments which 
affected the scientific man-power situation in the 
United States during 1957. There was some easing 
of the demand for scientists and engineers during the 
year as a result of economic readjustment, while there 
were increases of about 11 per cent in the number of 
first-level degrees awarded in natural science and 
of about 19 per cent in bachelors’ degrees in the 
engineering field in 1956-57 over the previous year. 
There was growing public awareness of the significance 
of scientific and technical training at all levels to the 
welfare and economic growth of the nation, and this 
introductory survey emphasizes that temporary 
shifts in the supply-demand interrelation have not 
altered the underlying influence of science and 
technology on the national economy. 

It will thus be seen that many of the same points 
are being emphasized in the United States as have 
been stressed in the presidential address to the 
British Association and on other occasions in Great 
Britain, when the bearing of education on science 
and technology was discussed. This is particularly 
noticeable in the papers contributed to the Man- 
power Conference, the broad theme of which was 
“Scientists and Scientific Research in a Changing 
Economy”. In the first of these, Y. Brozen, of the 
University of Chicago, discussing scientific advance 
as a factor in economic change, presents evidence 
indicating that a rapid increase in the output of 
scientists and expenditure on research is required if 
the United States is to make the best use of its 
savings available for investment, and that care must 
be taken not to stifle expenditure on scientific work 
directly connected with research, if the military 
effort is to be supported with maximum efficiency. 
Research which has no direct relation to defence may 
do more to increase military output than that directly 
related. He sees little need for additional Government 
funds for research, but suggests less Government 
expenditure on applied and more on fundamental 
research. The bottleneck in research to-day is not 
money but personnel. 

This, too, is a point that has been made repeatedly 
in Britain, and it is a major reason for current concern 
as to the disposition of our own research effort, both 
pure and applied. It may be true that, as J. F. 
Dewhurst observes in ‘America’s Needs and 


Resources”, technology is a primary resource, and 


* National Science Foundation, Washington. Scientific Manpower, 
ae : Papers of the Sixth Conference on Scientific Manpower. Pp. 
ii+46. (Washingtop, D.C.: National Science Foundation, 1958.) 


that without it all other resources would vanish, but 
it could equally be argued that science itself is the 
ultimate resource. Without an appropriate balance 
between science and technology, however, the 
development of both is impeded, and in such a world 
of technology as that we have now entered the 
determination of that balance grows ever more 
difficult. 

It is a matter not simply of appropriate organiza- 
tion for the disposition of resources and the control 
of their expenditure, but increasingly of sound 
judgment. The first is the reason why a recently 
issued report of the Select Committee on Estimates 
is of special interest to the scientist and technologist, 
the second a matter of appropriate education. Both 
points receive attention in this series of papers, 
notably in the second, and largest of the six, in which 
Dr. J. W. Feiss, of the Kennecott Copper Corporation, 
reviews the new and changing activities of scientists 
and the implications. He suggests that the proportion 
of 16 per cent of scientists engaged in science teaching 
is too low, though accepting that in view of the 
greater importance of quality of teaching a figure of 
15-20 per cent may be reasonable. It is equally clear 
that greater mobility of both the scientist and tech- 
nologist should be encouraged, and this should be a 
definite purpose in our higher education policy to 
further. The education of the public is also important, 
and Dr. Feiss urges that scientists must increasingly 
discharge this responsibility through the Press, radio 
and television. Scientific writers are needed to inter- 
pret to the public in simple language the complex 
technology of to-day and supply the need for in- 
formation, for guidance and answers to the questions 
put by the man in the street. Here the British 
Association, for example, might well be increasingly 
concerned with the effectiveness of its annual meetings 
and other activities in discharging such a function. 

Mr. W. D. Carey’s discussion of the support of 
scientific research emphasizes that the direction of 
Government support of research is, in the United 
States, largely in the hands of scientists themselves, 
but points out that, as corollary, with such power 
and responsibility must go a greater understanding 
of decision-making problems in the Government gener- 
ally and a perspective of the whole within which 
scientists must work. Finally, he urges that the ties 
between Government and science require strengthen- 
ing but by methods that render science and education 
enduring and free institutions in their own right, and 
this involves thinking out a comprehensive public 
policy for the partnership of science with Government. 
Prof. H. E. Langenecker’s paper, ““New Dimensions 
in Training Scientists”, likewise reflects concern over 
the relations between Government, education and 
science, and particularly over the difficulty of recor - 
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ciling increasing Federal support with freedom of 
choice, of thought and discussion. The universities 
and colleges are already receiving about 1,000 million 
dollars a year of Federal funds for purposes remote 
from higher education itself, and he suggests that it 
may be desirable to increase the allocations in some 
categories, such as research grants of the type where 
the university retains the decision at the expense of 
those which make the university a faculty leased by 
the Government to do its own work. The problem 
of advance planning and continuity of support so far 
as Federal funds for research are concerned has not 
yet been satisfactorily resolved, and it is also neces- 
sary to consider new forms of assistance. 

Neither Mr. Carey, himself of the Bureau of the 
Budget, nor Prof. Langenecker (of the University of 
Tilinois) expressly refers to the University Grants 
Committee, but it is obvious that they are con- 
sidering the practicability of some device, appro- 
priate to Federal conditions, which would strengthen 
the continuity and independence of fundamental 
research, particularly in the universities. It is inter- 
esting to note that a Government official, after 
expressing the opinion that in fundamental research 
and in other areas of development Government 
support, under recent conditions, has not fluctuated 
widely, so strongly advocates closer association of the 
scientist with policy and the making of decisions. 
None the less, the publication of the study by C. V. 
Kidd, of the National Institutes of Health, of the 
relation between Federal funds for research and the 
universities of America, to which Mr. Carey refers, 
should be of considerable interest in Britain. Apart 
from these questions of administration, with which 
both the Select Committee on Estimates and the 
Committee of Public Accounts have been pre- 
occupied, there are other dangers to university work 
and autonomy, to which Prof. Langenecker more 
specifically refers, which apply equally to British 
universities and which, at a time of expansion and 
considerable stress, could be the more insidious and 
distorting. 

Perhaps the point in Prof. Langenecker’s paper 
which deserves to be most widely noted and con- 
sidered in Britain is that in which he directs attention 
to what is being done for the improvement of learning 
and teaching. The new responsibilities and pro- 
gramme of the National Science Foundation appear 
as yet to have received comparatively little attention 
in Britain, but they point to possibilities that are 
highly significant at a time when the supply of 
teachers is the real bottleneck in the expansion of 
higher technological and of technical education— 
indeed, of education at all levels. Any means of 
making the most effective use of a limited and indeed 
scarce resource should be explored as carefully and 
urgently as the possibilities of expanding the supply, 
and it is the note of urgency with which the shortage 
is being tackled in the United States as well as the 
novelty and range of the efforts being made to 
improve the situation that should compel examination 
in Britain in the light of our own needs and con- 
ditions. 
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Of the remaining papers it should suffice to note 
that R. D. Bennett, of the General Electric Company, 
considers very briefly the contribution of large 
research centres to the training of scientific workers, 
Qualitatively this does not differ greatly in the 
United States from the contribution they make in 
Britain, but its dependence upon an adequate 
educational basis in the schools is emphasized. The 
concluding paper, by T. J. Mills, of the National 
Science Foundation, on comparative salary-leve's of 
scientists deals with United States conditions and is 
admittedly incomplete. Geologists, physicists and 
meteorologists appear to be the higher paid scientists 
on the average, astronomers, mathematic‘ans, bio- 
logists and psychologists coming at the oti:>: end of 
the scale; comparative data for chemists were not 
available. Some doubt is expressed whether the 
material rewards of a scientific or technical career are 
sufficient to ensure a continuing flow of new entrants 
in the numbers necessary to maintain or increase the 


supply. 


COLLECTED WORKS OF 
MAX PLANCK 


Physikalische Abhandiungen und Vortrage 

Von Max Planck. (Aus Anlass seines 100 Geburt- 
stages (23 April 1958), herausgegeben von dem 
Verband Deutscher Physikalischer Gesellschaften 
und der Max-Planck-Gesellschaft zur Fdérderung 
der Wissenschaften e.V.) Band 1: Pp. xv+776. 


Band 2: Pp. xi+716. Band 3: Pp. xii+426. 
(Braunschweig: Friedr. Vieweg und Sohn, 1958.) 
150 D.M. 


HIS work, consisting of three large volumes, has 

been published to celebrate the one hundredth 
birthday of Max Planck, one of the greatest men of 
science of all time. It contains his published scientific 
papers and the lectures and addresses which he 
delivered on various occasions, as well as a few 
addresses given in his honour by such distin- 
guished men as Sommerfeld, Debye, von Laue and 
others. 

It is beautifully produced, as indeed one would 
expect, coming as it does from the famous old firm 
of Friedr. Vieweg und Sohn in Brunswick. As von 
Laue indicates in his short preface, Planck began by 
an intensive study of the work of Rudolph Clausius, 
who introduced the notion of ‘entropy’ and who, it 
may be said parenthetically, was greatly influenced 
by Clapeyron (vide p. 123 of Browne’s translation of 
““Mechanischetheorie der Warme”’). 

Most of the papers in Vol. 1, though not all of them, 
deal with thermodynamics, and there is no doubt that 
long reflexion on thermodynamical problems prepared 
the way for Planck’s crowning achievement : 
solution of the problem of the distribution of energy 
in the normal spectrum and the associated discovery 
of the elementary quantum of action. . 

Looking back, one can now appreciate that if 
Planck had known and attached any value to Hamil- 
ton’s discovery of the identity in form of the laws of 
geometrical optics and those of (Newtonian) mechanics 
he might indeed have discovered wave mechanics by 
extending the identity in form from the narrow 
domain : 
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geometrical 
optics 
to the more extensive domain : 


an appropriately _ 


optics in the ] [ 
ype of 


Until Born suggested, correctly as I believe, that the 
wave formule in quantum mechanics are simply 
expressions of probabilities, Planck, like everyone else, 
found insuperable difficulties in reconciling the cor- 
puscular features, for example, of light, with its very 
marked undulatory characteristics. This appears in 
a paper on the synthesis between wave mechanics 
and corpuscular mechanics, published in 1940 (vide 
Vol. 2, p. 685). Naturally he could not then appre- 
ciate the significance of the fact that the corpuscular 
aspect only appears when sufficiently small numbers 
of particles are involved and the wave phenomena 
(as in Sir Geoffrey Taylor’s experiments) when 
enormous numbers are dealt with. With enormous 
numbers probabilities approach certainties, as the 
success of insurance companies indicates. 

At the end of Vol. 3 is the address delivered by 
Max von Laue at Planck’s graveside, some personal 
memories of Planck by Dr. Otto Hahn, and a short 
essay on his life-work by von Laue. 

As the originator of the quantum theory Planck’s 
fame will endure and his name will always rank with 
those of Newton, Clerk Maxwell and Einstein. But 
there is something more to be said about him: he 
was a kindly, good man—a great gentleman who 
endured patiently and bravely the sorrows and 
suffering which overwhelmed him in his later life. 
He was a real friend to me and I shall always remem- 
ber one of his favourite sayings : 

“Man muss Optimist sein’’. 


Newtonian 
[ mechanics 


W. Witson 


OPERATIONAL RESEARCH 


Proceedings of the First International Conference 
on Operational Research, Oxford, 1957 
(Organized by the Operational Research Society, 
United Kingdom ; The Operations Research Society 
of America; and the Institute of Management 
Sciences.) Pp. viii+526. (London: English Univer- 
sities Press, Ltd., 1957. Published for the Conference 
Committee.) 50s. net. ; 


HIS volume is one that no professional opera- 

tional research worker can be without, for it 
gives a very wide sample of the types of problems 
which he may be likely to be called upon to deal with. 
It has already become a recognized source book in the 
short period since publication. Not the least valuable 
parts of it are the references to earlier work and 
which have been kept commendably 

rief. 

_ The volume may possibly leave a stronger impres- 
sion than is desirable that operational research is not 
much more than applications of advanced mathe- 
matical and statistical methods to decision problems. 
On the other hand, the methodology of operational 
research is much more mathematical and statistical 
than general scientific ; this conference was methodo- 
logica', and so it is not surprising that the published 
matter exhibits apparent bias. 

A weakness in industry is to think of operational 
research as solving problems which require these 
advanced methods (these are the cases which, inci- 


dentally, can usually be published without breach of 
confidence) and excluding the class of problems 
which can be resolved by much simpler techniques. 
An enormous amount of progress can be made with 
little more mathematical equipment than the elements 
of the theory of functions, for after all what is a 
business enterprise but a mathematical function when 
represented in a form suitable for analysis. 

A’curious feature of the Conference Proceedings is 
that almost everywhere in the world military opera- 
tional research seems to be ahead of industrial work. 
This is understandable in countries which were 
involved in military operational research during 1939- 
45. It is, however, less understandable in other 
countries. 

This is not a work for business executives, unless 
they happen to be well equipped with a knowledge of 
mathematics and statistics. Perhaps this is unfor- 
tunate, but after all the object of the Conference was 
to aid the operational research scientist, rather than 
the employer. It is to be hoped, however, that 
much more attention will in future be devoted to 
educating the potential customer. British industry 
is undoubtedly making quite insufficient use of the 
men available who can apply scientific methods to 
problems at all levels from the board room to the 
shop floor. 

The standards of printing and layout of the book 
leave nothing to be desired. K. PENNYCUICK 


THEORY OF ROCKET FLIGHT 


Exterior Ballistics of Rockets 

By Prof. Leverett Davis, Jr., James W. Follin, Jr., 
and Prof. Leon Blitzer. Pp. v+457. (Princeton, 
N.J.: D. Van Nostrand Company, Inc.; London: 
D. Van Nostrand Company, Ltd., 1958.) 64s. 


HIS book expounds the mathematical theory of 

the motion of unguided rockets stabilized either 
by fins or by spin, and launched either from the ground 
or from an aircraft. After defining the force-system 
the authors formulate the equations of motion and 
solve them under the usual approximation of constant 
acceleration, to obtain the ideal trajectory and to 
show the errors arising through malalignment of 
thrust, the action of gravity and wind, tip-off effects 
as the rocket leaves the launcher, and the various 
other hazards which mar the accuracy of this type 
of missile. The book ends with a useful collection 
of formule and tables of Fresnel functions. 

The theory presented in the book was developed in 
the United States during and just after the Second 
World War, but the final report on the work was not 
printed until 1953. Before open publication was 
allowed, various items had to be deleted, and the. 
authors also made corrections and a few additions. 
The book has been reproduced from the 1953 report 
thus modified, by a photo-offset process. One bene- 
ficial result of this procedure is that there are very 
few misprints: so high is the standard that the 
mis-spelling of Jeffreys on p. 166 comes as quite a 
shock. The authors write well, and they develop the 
theory in a logical order, fully explaining the physical 
basis for each step in the argument. The result is a 
book which is unlikely to be superseded for many 
years. Its value is enhanced by the pleasing layout 
and by the clarity of the print, especially the mathe- 
matical symbols and the diagrams (though there are 
a few messy diagrams, one of which seems to be a 
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freehand sketch). Many footnotes have been deleted 
because they refer to classified material, and the 
frequent gaps at the bottoms of pages are a mute 
memorial to the many workers whose contributions 
to the theory will remain generally unknown. 

The long delay in the final publication of the book 
inevitably detracts a little from its worth. For 
example, the list of rockets for which design details 
are given has an air almost of antiquity, and it is 
noticeable that very few of the references are later 
than 1947. Also it is obvious that the book was 
virtually complete before the publication in 1949 of 
Rankin’s “Theory of the Motion of Rotated and 
Unrotated Rockets”, which indeed does not appear 
among the footnotes until p. 433, though it covers 
much of the same ground. Those who are familiar 
with Rankin’s monograph will find that the book 
under review does not go so deeply into the funda- 
mentals, and mathematically it is less rigorous ; 
but there is a much fuller explanation of the physical 
processes and more linking narrative. Indeed, the 
authors are to be congratulated on producing a book 
which, as well as being authoritative, is, considering 
the difficulty of the subject, easy to read. 

D. G. Kinc-HELE 


PROGRESS IN CHEMICAL 
ENGINEERING 


Advances in Chemical Engineering, Vol. 2 

Edited by Thomas B. Drew and John W. Hoopes, 
Jr. Pp. x +338. (New York : Academic Press, Inc. ; 
London : Academic Books, Ltd., 1958.) 9.50 dollars, 


HE second volume of this work follows the same 

general pattern as the first (Nature, 179, 503 ; 
1957) and includes chapters on six unrelated topics, 
some of which are of predominant interest to the 
chemical engineer, whereas others should command a 
wider range of readers. Nor are all the chapters 
written at the same level ; some assume a consider- 
able prior knowledge of the subject, whereas others 
start with the elementary concepts and are occasion- 
ally superficial in their approach. The general impres- 
sion is again that most of the items would more 
usefully have been published as individual mono- 
graphs, in order to obviate the necessity for the 
reader to buy much material that he does not require. 
In this connexion, the publishers are considerably 
at fault in splitting the contribution on boiling liquids 
between the two volumes. 

The first chapter follows on naturally from the 
material on boiling liquids in Vol. 1, and deals 
particularly with transition and film boiling, on which 
subjects there is far less published work than on 
nucleate boiling. The approach is somewhat factual 
and uncritical. The chapter concludes with sections 
on localized boiling in liquid the bulk of which is 
below its boiling point, and on bumping, which appar- 
ently takes place only in laboratory-scale apparatus. 

Automatic process control is treated from a 
fundamental point of view, which will be of value to 
the newcomer in the field. The theory of control and 
different types of control action are discussed, but 
no reference is made to the instruments which are 
used, nor are there any practical examples related to 
chemical engineering problems. 

The following chapter is entitled ‘Treatment and 
Disposal of Wastes in Nuclear Chemical Technology”. 
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It includes a general discussion of disposal problems 
with special reference to the geological and climatic 
requirements of the site. Methods of concentration 
before disposal are considered, and the concluding 
section refers to the recovery of fission products. 

The chapter on high-vacuum technology tends to 
be a little superficial. Following a historical account 
of the development of the subject, there is a brief 
account of the flow of gases at low pressures, with 
special reference to the transition between molecular 
and laminar flow. Convective heat and mass transfer 
at low pressures are discussed and the chapter con- 
cludes with a short description of some common types 
of vacuum pumps and gauges. 

An extensive treatment of separation by adsorption 
methods is particularly welcome because of the lack 
of a satisfactory literature on the subject. The 
discussion embraces the fields of ion exchange and 
chromatography, and particular attention is paid 
to the effect of the shape of the adsorption isotherm 
on the process. 

The final chapter on the mixing of solids covers 
the subject in considerable detail. The problems of 
sampling and the statistical significance and inter- 
pretation of analyses are taken first. Perfect mixing 
is effected when the probability of finding a particle 
of a given type is the same at all points and is equal 
to the proportion of particles of that type in the 
mixture. There is a useful treatment of Weiden- 
baum’s and Lacey’s approach to mixing as an un- 
steady-state diffusional problem. The various types 
of mixer are considered in relation to the type of 
motion imparted to the particles, and various 
applications are given. 

The volume is well produced, but it deserves a 
more comprehensive index. — 


THERMODYNAMICS AND FLUIDS 


Chemical Engineering Practice 

Edited by Herbert W. Cremer and Trefor Davies. 
Vol. 4: Fluid State. Pp. vi+623+xix. (London: 
Butterworths Scientific Publications; New York: 
Academic Press, Inc., 1957.) 95s. ; 13.30 dollars. 


N important section of the work of modern 
chemical engineers lies in the application of 
thermodynamics to problems of fluid systems. This 
volume, the fourth in the series, is devoted to the 
thermodynamic properties of physical systems and to 
the transport properties of fluids. The first section on 
thermodynamics has been written by Dr. R. Strick- 
land Constable of the Chemical Engineering Depart- 
ment at the Imperial College of Science and Tech- 
nology, and the second section on transport by Dr. 
Franklin of the Atomic Energy Authority and Mr. 
F. H. Cass of the University of Leeds. A final and use- 
ful chapter on the measurement of process variables 
is by Mr. A. Pollard and Mr. T. G. Carruthers of Leeds. 
The first six chapters start with a short summary of 
the first and second laws of thermodynamics and 
continue with such topics as chemical potential as 4 
criterion for equilibrium, general thermodynamic 
relationships, properties of single substances and of 
mixtures. In many ways this is a good section. 
We are given an excellent account of what is some- 
times called chemical engineering thermodynamics 
of the fluid state, and the chapter on sum and differ- 
ence methods is particularly useful in providing 4 
basis to stagewise operations as indicated by liquid- 
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liquid extraction and so on. The main drawback 
to this section is that there are scarcely any examples 
and few good illustrations of the use of the thermo- 
dynamic functions. It is not sufficient to give thermo- 
dynamic functions, and relations between them, 
these concepts only become alive when it is clearly 
shown that they form useful tools. The Gibbs 
function and the Van Laar equations must be demon- 
strated to the practical engineer as of real use, and 
effective illustrations are vital. 

The second section on the transport of fluids has 
more examples and clearly shows the great interest 
in boundary layer study, in the ideas of turbulence, 
and the flow and behaviour of compressible fluids. 
Here again practice is somehow missing, and the 
examples are rather academic. 

This is a valuable book in that it provides the 
current ideas of the thermodynamic approach to the 
study of fluids; this has previously not been so 
clearly available in British texts. The volume suffers 
from the fact that one is not given the dynamic 
illustrations of the use of these tools, one does not 
sense the engineer at work at his practice, but rather 
that he is being presented with an academic text. 
How does one really design a large pipe-line, how does 
one measure the flow of high-pressure and high-tem- 
perature fluids, how do engineers really solve their 
problems ? Some actual examples, including failures 
that had to be corrected, would have been of great 
value to the practically minded reader. 

J. M. CouLson 


DRUGS AND THE BRAIN 


Psychotropic Drugs 

Proceedings of the International Symposium on 
Psychotropic Drugs, Milan, May 9-11, 1957. Edited 
by S. Garattini and V. Ghetti. Pp. xiv+606. 
(Amsterdam: Elsevier Publishing Company ; 
London: Cleaver-Hume Press, Ltd., 1957.) 95s. 


HIS expensive and extremely well-produced 
volume constitutes the proceedings of the 
International Symposium on Psychotropic Drugs 
held in Milan during May 9-11, 1957. It was printed 
in the Netherlands, and editors and printers deserve 
much praise for the speed with which the work was 
done and the excellence of the result ; it cannot have 
been an easy task to assemble the final versions of the 
papers and to set the text in four different languages. 
There are approximately 100 reports, roughly half 
of them quite short, the others of variable length. 
These reports are grouped into five sections, dealing 
with the biochemistry of normal and altered cerebral 
function, the behavioural effects of psychotropic 
drugs on animals, the electrophysiological basis of 
normal and altered cerebral function, the pharma- 
cological aspects of centrally acting substances, and 
lastly clinical experiences. The drugs most widely 
used in the studies reported are the so-called tranquil- 
lizing drugs, in particular reserpine and chlorprom- 
azine ; hallucinogens are also well represented, and 
there are, of course, studies of the more traditional 
stimulant and depressant drugs as well. 

The reader of this book will be impressed by a 
number of things. In the first place, there is a tremen- 
dous range in the simple technical competence of the 
research workers represented. This expresses itself 
m many different ways. To take but one example, 
we find that the psychologists tend to report means 


and variances for their experiments ; the biochemists 
tend to state means only ; the clinicians tend to rest 
content with a simple subjective estimate of trends. 
As the numbers used are normally quite small, and 
the variability in response to drugs is known to be 
tremendous, it is clear that for a number of reports 
no conclusions can be drawn from the figures given, 
because vital information is withheld and no tests of 
significance carried out. A second impression relates 
to the relative isolation of the various groups of 
workers. Any adequate theory of drug action must 
surely reconcile and synthesize the findings of bio- 
chemists, psychologists, pharmacologists, physiolo- 
gists and other workers, yet each group tends to 
remain isolated from the others and ignorant of what 
is being done elsewhere. Perhaps the series of con- 
gresses, of which this was the first, may have the 
highly desirable effect of bringing these various 
workers closer together. 

Some of the contributions are of such high quality 
or of such obvious interest that they stand out from 
the rest. Among them is a paper by A. Hoffer 
on the relation to mental disease of adrenochrome 
and adrenolutin ; this investigation owes its interest 
to the similarity in the structure of these two oxidized 
derivatives of epinephrine to some active indolic 
hallucinogens. Another is a paper by N. E. Miller 
on objective techniques for studying motivational 
effects of drugs on animals; this combines in @ 
remirkable manner a survey of available techniques 
with an exposition of the writer’s own work ; it is 
a gold-mine of information, as well as an admirable 
presentation of recent methodological advances in 
this field. B. Delisle Burns, in his paper on the 
electrophysiological basis of normal and psychotic 
function, discusses the bearing of his recent work on 
the physiology of learning, suggesting that traditional 
hypotheses of facilitation are erroneous. J. Olds and 
others contribute a chapter on the effects of tran- 
quillizers on self-stimulation of the brain in which 
the remarkable discoveries of Olds on the rewarding 
properties of electrical stimulation of certain brain 
areas are used to discover the effects of a variety of 
drugs. His main discovery is the highly specific 
action of most drugs, depending on the precise place- 
ment of the electrodes. These are only some of the 
noteworthy contributions to this volume; others 
could have been mentioned as well. While having 
the inevitable defects of any symposium, this collec- 
tion of papers has succeeded surprisingly well in 
presenting the reader with a worthwhile prospectus 
of current work. H. J. Eysencx 


MICROBES AND THE BIOCHEMIST 


Annual Review of Microbiology 

Vol. 11. Edited by Charles E. Clifton, in association 
with Sidney Raffel and Roger Y. Stanier. Pp. viii+ 
536. (Palo Alto, Calif.: Annual Reviews, Inc., 
1957.) 7 dollars. 


HE time is long past when biochemistry of micro- 

organisms could be covered adequately by a 
chapter in the “Annual Review of Biochemistry”. 
To-day we have the converse situation, and the micro- 
biology volume has an established place in the bio- 
chemist’s library. Reviews such as Gale and 
McQuillen’s on nitrogen metabolism might even prove 
heavy reading for many biochemists ; though anyone 
wishing to understand some of the most exciting 
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biochemical research of to-day will find this a most 
rewarding chapter. More than half the articles 
in this volume have a directly biochemical outlook, 
but in few can the reader escape far from fundamental 
biological observations which are unlikely to be 
interpreted at the molecular level for a very long 
time to come. This volume, indeed, provides a 
salutary warning against the facile assumption of 
biochemical omnipotence. This is apparent, for 
example, in Smith’s essay on “Some Problems in 
Plant Virus Studies”, which leaves the reader 
wondering whether viruses may not sometimes arise 
de novo in a healthy cell. Smith himself hastens to 
disclaim this heresy ; but at least this kind of patient 
observation and research provides a needed corrective 
to the over-enthusiastic bacteriophage specialist. It 
is, however, a matter of great practical importance 
to know whether the remarkable biochemical observa- 
tions made on. bacteriophages in recent years are 
valid for animal viruses and, in particular, human 
pathogens. Ross and Syverton, in their review on the 
culture of animal viruses in cell-suspensions,. raise 
legitimate hopes that experimental study of their 
biochemical behaviour may be feasible. 

We are led right back to the practical plane of 
field observations when we come to Miller and 
O’Brien’s review on ‘Prediction of Plant Disease 
Epidemics”, and the microbiologist finds himself 
allied with the meteorologist rather than the bio- 
chemist. This review will prove of great value to 
workers on this topic. Not only are scattered data 
collected from inaccessible journals, but a challenge 
is thrown out to the academic worker, too. Why 
should a parasitic fungus attack its host only when 
certain conditions of temperature and humidity are 
fulfilled ? One wonders if equally well-documented 
data are available for human diseases. But as 
“Annual Reviews” reveals new knowledge it also 
reminds us of territory where progress is less evident. 
One reads Thornton and Mieklejohn’s contribution on 
“Soil Microbiology” with a sense of disappointment. 
Ina world the human population of which is threatening 
to outgrow its food supplies, surely a greater effort 
could be directed to study of those micro-organisms 
which maintain the fertility of the soil—not only by 
circulating supplies of vital elements, but also through 
their influence on the very structure of the soil itself. 
Dental caries, too, is an expensive as well as a painful 
disorder, yet Hoffman’s review on oral microbiology 
(though collecting much useful information for the 
bacteriologist’s file) offers little hope for the victim 
of toothache. 

One reads this volume with a sense of pleasure. 
It is all too easy for chapters to degenerate into 
undigested catalogues of references. This charge 
cannot be made here. Many of these articles are 
reviews in the best sense—presentations of the trend 
of current work by an acknowledged authority and 
in a form acceptable to those at the fringe as well as 
the centre of his chosen sphere. Many authors have 
wisely preferred to select topics which present inter- 
esting developments at the present time rather than to 
attempt to cover the literature comprehensively. 
But where the topic has been one of essentially 
specialist interest and it has been necessary to collect 
scattered references, this has been done faithfully. 
This volume has to meet a wide range of needs—from 
those of the academic biochemist to the clinical patho- 
logist’s or the agricultural field worker’s. Editors and 
authors alike have served their readers well. 

H. K. Kine 


NATURE 


September 27, 1958 VOL. 182 


TAXONOMY OF VASCULAR 
PLANTS 


Plant Classification 

By Prof. Lyman Benson. Pp. xiv+688. (Boston, 
Mass.: D. C. Heath and Company; London: 
George G. Harrap and Co., Ltd., 1957.) 63s. 


ROF. BENSON, well known for his studies on 

Ranunculus, has produced a text-book dealing 
primarily with the classification of vascular plants but 
covering, at least in outline, a very considerably 
wider field. 

The methods of collecting, preserving and describing 
plants, most of them at least 250 years old but still 
basic tools of taxonomy, are put into perspective 
alongside more recently developed parts of the field, 
such as ecology and genetics. This in itself should 
make the book of special value both to those whose 
interest is primarily in the classification of organisms 
and to the ecologist or geneticist. 

The introductory chapters are concerned with the 
characteristics of flowering plants, the terms used in 
describing them, and the process of identification by 
means of keys. These, like the rest of the book, are 
abundantly illustrated by diagrams and line drawings, 
and the way to use a key is explained in detail by 
reference to species of Ranunculus. This part, most 
of which is in effect a detailed illustrated glossary, 
will be specially useful to the beginner. 

The next 270 pages contain keys to the orders and 
families of flowering plants, brief descriptions of the 
families with a summary of their distribution, with 
special reference (naturally enough) to the United 
States, and sometimes a note on the geological 
history. This survey is on a world scale, though the 
descriptions appear usually to apply to the family 
as represented in the United States, a fact which, 
unfortunately, does not seem:to be made clear. The 
result is that we are told, for example, that the 

inosae are ‘Predominantly herbs but fre- 
quently shrubs and less commonly trees”, a state- 
ment which is true for the United States, but quite 
untrue for the Leguminosae as a whole. 

The chapter on the preparation and preservation 
of plant specimens deals with an aspect of the subject 
which is usually learnt by experience, but in which 
some instruction will save time and lead to better 
results. 

The comprehensive section on the basis of classifica- 
tion consists of an outline, in 84 pages, of many 
topics which are of great importance in taxonomy 
but which have seldom, if ever, previously been 
included in text-books of this kind. There are 
chapters on evolution, examples being drawn from 
animals as well as plants, some fundamental problems 
of plant classification, historical development of 
classification systems and a system of classification 
designed for teaching. 

The chapter on fundamental problems includes 
much valuable material, such as a brief consideration 
of hybrid swarms and convergent and divergent 
evolution, each topic being exemplified by reference 

to the flora of the United States. The final chapter 
of this section has a somewhat misleading title; 
it consists of a discussion of the desirability and 
difficulty of producing a new classification, a summary 
of the evidence on which a phylogenetic one might 
be based, and a defence of the employment of 
a partially artificial system for teaching, as the 
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‘Ariadne’s thread’ by means of which the student 
can be guided through the great mass of facts. 

The book concludes with shorter sections, similar 
in general plan, on Gymnospermae and Pteridophyta, 
and a survey of the main vegetation types of the 
United States illustrated by excellent photographs 
and distribution maps. 

Altogether this is a book admirable in conception 
but only partially suited to the student at an English 
university. There is the inevitable drawback that 
the examples quoted are familiar in the United States 
but only rarely so in Europe. A more fundamental 
difficulty is, however, that a good deal of space is 
occupied by material which is of General Certificate 
standard and that the rest of the subject-matter is 
too extensive for a general honours student but not 


carried to high enough levels, at least in the large and’ 


variable families, for the special honours student. 
Nevertheless there is no doubt that students of all 
grades, as well as their teachers, will gain much from 
browsing through this work. T. G. Turin 


THE LIVING INVERTEBRATE 


Spiders, Scorpions, Centipedes and Mites 

The Ecology and Natural History of Woodlice, 
‘Myriapods’ and Arachnids. By Dr. J. L. Cloudsley- 
Thompson. Pp. xiv+228+16 plates. (London and 
New York: Pergamon Press, 1958.) 50s. net. 


HE author of this book is well known as a zoolo- 

gist who has a predilection for seeking his living 
material in deserts and other uncomfortable places, 
where the frequent changes of temperature, illumina- 
tion and humidity have pronounced effects on the 
lives of invertebrate animals, and he has supple- 
mented this field-work with a long series of laboratory 
investigations on humidity preferences, water-content 
control and rhythmic behaviour. These researches 
have directed his attention to those arthropods which 
are not insects and which are very well suited to his 
purposes. The zoologist, the naturalist and the 
general reader are far less familiar with these animals 
—the woodlice, myriapods and arachnids—than with 
insects, and all will find a wealth of interesting matter 
in this book. By his introductory chapter, in which 
the first figure is a graph illustrating problems of 
desiccation, the author makes it plain that he does 
not intend to popularize or oversimplify his subject ; 
and this attitude, none too common in books about 
animals, is consistently maintained and gives the 
book its outstanding characteristic. It is a feature 
that will commend itself to many zoologists, both 
readers and writers, and will even be a pleasant 
surprise to others. 

The eleven chapters follow closely parallel lines. 
For each order or other grouping we are told of 
classification and distribution, general behaviour, 
food and enemies, reproductive habits and life-cycle. 
These topies are periodically lightened by the intro- 
duction of less-technical paragraphs. The author is 
always ready to remind us of myths or legends which 
have centred about these creatures and to share 
with us the smiles that they have sometimes provoked. 
With all his exact knowledge of recent work—and I 
have failed to find any topic of importance that has 
been omitted—he gives credit to the observers of 
past generations, who often hit upon facts or pheno- 
mena of significance and who, even if they did not 


fully understand them, have left us descriptions or 
illustrations which are still useful. 

There is a section of excellent half-tone plates, but 
the supply of line figures is not over-generous. For 
example, there are references to the uses of pedipalpi 
and gnathobases where an uninformed reader might 
expect a drawing to make the text clearer. 

None the less, this is a book of uncommon quality, 
and a first-rate example of zoological writing adapted 
to the widening reading public of the mid-twentieth 
century. Accurate without being abstruse, apprecia- 
tive without being sentimental, clear in interpretation 
where interpretation is possible and as clearly con- 
scious of difficulties where they exist, it should be 
welcomed by many. Perhaps it heralds a new 
movement in biology—a directing of popular atten- 
tion to the unspectacular orders, from which so 
much is to be learnt. In this venture Dr. Cloudsley- 
Thompson must be congratulated; and a word of 
commendation is due to the publishers, who have 
shown faith and courage in producing so challenging 
a book. THEODORE SAVORY 


OUR NATIVE MAMMALS 


Field Guide to British Deer 

Compiled and edited by F. J. Taylor Page. (Field 
Guide to British Mammals, No. 1.) Pp. 80. (Birming- 
ham: Mammal Society of the British Isles, c/o the 
University, 1957.) 10s. 6d. net. 


The Natural History of the Otter 

By Marie N. Stephens. (A Report to the Otter 
Committee.) Pp. 88+4 plates. (London: Univer- 
sities Federation for Animal Welfare, 1957.) 10s. 6d. 


The Badger 

By Ernest Neal. (Pelican Book No. A 410.) Pp. 
176 +30 plates. (Harmondsworth, Mddx.: Penguin 
Books, Ltd., 1958.) 3s. 6d. 


Btn first impression one gains from reading 
these three books is of the greatly increased 
interest now being taken in the natural history of our 
native mammals. The very formation of the Mammal 
Society of the British Isles a few years ago was 
evidence of that interest, and the publication of the 
first of its planned series of field guides, noted above, 
is a welcome addition to our literature on British 
deer. It deals chiefly with the five species most 
commonly found at large in Great Britain, but con- 
tains notes also on other species, such as the Chinese 
waterdeer, which may be seen in very limited areas. 

This “Field Guide to British Deer” is a model of 
clarity and compactness. In its mere eighty pages it 
contains a wealth of observations, tables and sketches 
that one is unlikely to find in any other British book, 
all carefully compiled and set out to help one to 
ascertain which deer are present in any particular 
region, and to identify them when seen. Distribution, 
habitat, gait, tracks, droppings, seasonal behaviour, 
daily activities, voice, antlers, food and so on are all 
dealt with in a way that makes this attractive little 
book in green and gold a pleasure to consult. One 
looks forward eagerly to its promised successors in 
the same series. 

So far as naturalists are concerned, the chief 
interest of ‘“‘The Natural History of the Otter” will 
lie in Miss Stephens’s intensive studies of this elusive 
animal in its natural haunts. The details she gives 
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of its distribution and habits, its reproduction and 
breeding behaviour, its parasites and diseases, and 
above all its feeding habits, cover much fresh ground, 
and will throw new light on many an old belief 
ene the otter’s relationship to man and his 

These investigations were, in fact, carried out as a 
result of the report issued by the Home Office Com- 
mittee on Cruelty to Wild Animals, which appeared 
in 1951. This Committee concluded that, since the 
hunting and trapping of otters undoubtedly involves 
suffering for these animals, a thorough investigation 
should be conducted into the natural history of the 
otter, and particularly into its feeding habits, so that 
an informed judgment could be arrived at concerning 
its alleged damage to fishing interests. It is unfor- 
tunate that, through lack of funds, the work had to be 
discontinued after about two years. It will be agreed, 
however, that an excellent start has been made, and 

- one can only hope that such an interesting and useful 
project will be revived at no distant date. 

The appearance of Ernest Neal’s ‘The Badger”’ as 
a paperback will be welcomed by all who missed the 
original edition, which was published ten years ago 
as a New Naturalist Monograph. It is a magnificent 
example of well-directed endeavour, untiring patience 
and skilled photography, and now provides, as 
inexpensively as anyone could wish, a first-class 
introduction to the natural history of one of the most 
interesting of our lesser-known mammals. 

RicHaRD MorRsE 


AGE AND ABILITY 


Ageing and Human Skill 

A Report centred on work by the Nuffield Unit for 
Research into Problems of Ageing. By A. T. Welford. 
Pp. ix+300. (London: Oxford University Press, 
1958. Published for the Trustees of the Nuffield 
Foundation.) 25s. net. 


OR ten years from 1946 until 1956 the Nuffield 
Foundation supported a Unit for Research into 
Problems of Ageing attached to the Cambridge 
University Psychological Laboratory. The present 
volume is the final and definitive account of the work 
accomplished by the Unit during this period, and in 
view of the high reputation which Mr. Welford and 
his team won for themselves it will be eagerly read 
not only by psychologists and gerontologists, but 
also by all who are interested both theoretically and 
practically in human performance. They will not 
be disappointed. In an eminently readable book 
Mr. Welford has made an outstanding contribution at 
once to the study of ageing and to general psychology. 
The book is a successor to, and intended to super- 
sede, Mr. Welford’s earlier report “Skill and Age” 
(1951). It is just twice the length of the previous 
book ; and although it contains again in new contexts 
most of the earlier material, it also contains much 
additional data and a re-working of the theoretical 
framework. It is richer in reflexions and suggestions 
for future work, refers to relevant research by other 
investigators, and includes a valuable new chapter on 
methodological problems in the study of ageing. On 
vhe other hand, the statistical appendix provided in 
the earlier volume has been omitted, and in an 
endeavour to simplify the statistical presentation 
rather too much vital information has been left out. 
For example, not until more than half-way through 
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the book, and then only sporadically, are the numbers 
of experimental subjects given. As not all the experi. 
ments have been separately reported, it becomes 
impossible for the reader to carry out an independent 
evaluation of the results, and he has to accept the 
author’s blanket statement that all the results are in 
fact significant at the 5 per cent level or better. 

Broadly speaking the conclusions of “Skill and 
Age” are confirmed and amplified by ‘Ageing and 
Human Skill’. Perhaps the most important addi- 
tional finding from the practical point of view is the 
conclusion derived from the work of Kay and con- 
firmed by other investigators that “changes of per- 
formance with age very commonly become dispro- 
portionately greater as the difficulty of the task rises”, 
In an extremely interesting experiment on the train. 
ing of women engaged on invisible mending in factories 
making woollen cloth, Belbin, reported here for the 
first time, has shown how a simplification in the way 
material is presented can profoundly affect the likeli- 
hood of success for trainees in middle age and beyond. 
This is one of a number of new industrial field studies 
reported in the book. 

The re-working of the theoretical framework has 
led to the introduction of several new features. In 
“Skill and Age” skilled processes were analysed into 
receptor processes and effector processes. Between 
these is now included a third type of process, transla- 
tion processes, which intervene between perception 
and action. Experimental examples are given illus- 
trating the translation processes involved in transpos- 
ing from one sensory mode to another and in making 
mirror reversals, but it cannot be said that Mr. 
Welford has made the scope and nature of these 
translation processes at all clear, nor has he made 
any attempt to explore their relationship to symbolic 
functioning generally. Theoretically their status 
remains vague. Perhaps more important is the new 
emphasis on the role of short-term memory backed 
up by a good deal of recent experimental work. Mr. 
Welford suggests that short-term retention is increas- 
ingly liable to interference by other activity as age 
advances, and that a good many of the diverse facts 
about learning and other changes of performance 
with age can be accounted for in this way. A possible 
explanation, he holds, may be contained in the fact 
that the number of active brain cells tends to diminish 
from young adulthood onwards, thus leading to 4 
lessening of signal strengths, a lowered capacity for 
the establishment of reverberant circuits (upon which 
short-term retention probably depends), and a con- 
sequent increase of relative ‘noise’ level. 

Inevitably in a book which covers a wide range 
of topics—movement, perception, problem solving, 
learning and memory, adaptability, etc.—there 3 
some unevenness of treatment. The book is strong 
on the motor and perceptual aspects of skill. It * 
relatively thin and unsatisfying on problem solving 
and learning. The emotional, attitudinal and social 
factors which influence performance receive scarcely 
more than mention. But it would be unfair to hold 
these omissions against Mr. Welford, and only fair 
to point out that he is fully alive to them. With 4 
small team of assistants, and in a limited period of 
time, he staked out his claim and has produced an 
impressive yield of results. Indeed, there is little 
doubt that the research reported in this book will 


be judged as one of the most significant pieces of 
psychological work produced in Great Britain since 
the Second World War. 


L. S. HEARNSHAW 
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Soviet Research in Glass and Ceramics 

Basic Science I. 1-259. Basic Science II. 

Pp. 260-497. 90 dollars. Glass, Glazes and Enamels. 
. 197. 40 dollars. Cements, Limes and Plasters. 

Pp. 203. 35 dollars. Refractories. Pp. 70. 20 

dollars. Miscellaneous. Pp. 31. 7.50 dollars. 

(New York: Consultants Bureau, Inc.) 


HE Consultants Bureau, Inc., New York, have 
prepared translations of recent publications in 

Soviet research in glass and ceramics. These are 
available in five mimeograph collections. Full con- 
tents lists are available from Consultants Bureau, 
Inc., and individual reports can be purchased for 
7.50 dollars each. It is useful to have in a form so 
easily available these translations of Russian publica- 
tions. A very brief indication of the nature of the 
topics discussed may be given by referring to two 
major subjects on which several papers are included. 

There are several papers on solid-state reactions by 
Ginstling and co-workers ; these reactions are con- 
sidered under the following headings: Chemical 
Reaction; Diffusion; Sublimation; Fusion; Crystal- 

Apen, in a lengthy series of papers, discusses the 
dite of silicate \satiies in the light of the trend 
of behaviour of glasses as the composition is varied 
systematically. This information, together with the 
known co-ordination numbers of the various ions in 
crystals, is used to discuss the co-ordination of those 
ions in glasses. 

There are many technological papers dealing with 
the reaction between sodium sulphate, carbon and 
silica, the thermal analysis of limestone, magnesite 
and dolomite in gas streams, the reaction of glasses 
with water and hydrofluoric acid, to mention only a 
few. 

Of rather more general interest is a paper on X-ray 
transmitting glasses (Lindemann glass) with improved 
chemical durability. R. W. Doveras 


Linear Equations 
By P. M. Cohn. 
viii+74. (London: 
Ltd., 1958.) 5s. net. 


Sequences and Series 

By J. A. Green. (Library of Mathematics.) 
viii+56. (London: 
Ltd., 1958.) 5s. net. 


Differential Calculus 
By P. J. Hilton. (Library of Mathematics.) Pp. 
vii+56. (London: Routledge and Kegan Paul, 
Ltd., 1958.) 5s. net. 


Elementary Differential Equations and Operators 
By G. E. H. Reuter. (Library of Mathematics.) 
Pp. viii+67. (London: Routledge and Kegan Paul, 
Ltd., 1958.) 5s. net. 


HESE booklets, by members of the mathematics 
department of the University of Manchester, 
are intended for the student of science or engineering ; 
they are in paper covers, but are well printed and 
reasonably cheap. The scope of Cohn’s book is wider 
than the title, since linear equations are used to link 
together basic ideas about vectors, matrices and 
determinants. The discussion of m equations in n 
unknowns is carefully carried out, and a numerical 
method of solution is described. 
Green’s book treats sequences and their limits 
rather narrowly as a preliminary to the theory of 


(Library of Mathematics.) Pp. 
Routledge and Kegan Paul, 


Pp. 
Routledge and Kegan Paul, 
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series. The frightening professional apparatus of 
modulus signs and epsilons is discarded, and formal 
proofs are replaced by careful descriptions and apt 
numerical examples. The main convergence tests 
for series are given, including the integral test, and 
the properties of power series are given in some detail. 

Hilton aims at comprehension rather than facile 
manipulation. The student must understand the 
meaning of the derivative ; if correct proofs are too 
difficult, he must not be deceived by bogus arguments 
or false statements. Applications are to maxima and 
minima, and Taylor’s theorem; the proof of the 
latter is a little too sophisticated for the science 
student, usually too ready to believe that mathe- 
matics is largely trickery. 

Reuter is concerned with linear differential equa- 
tions with constant coefficients. He first gives the 
familiar D method, and then an operational method 
which takes care of initial conditions ; this is essenti- 
ally Heaviside, and Reuter’s treatment is on the 
lines of that given in the Cambridge tract by Sir 
Harold Jeffreys. 

These are all useful little books, and topics suitable 
for similar treatment are doubtless under considera- 
tion by the editor of the series, Dr. Ledermann. 

T. A. A. BROADBENT 


Advances in Biological and Medical Physics 

Vol. 5. Edited by John H. Lawrence and Cornelius 
A. Tobias. Pp. x+488. (New York: Academic 
Press, Inc. ; London: Academic Books, Ltd., 1957.) 
12 dollars. 


HE latest volume of this series contains an excel- 

lent selection of review articles taken from 
various parts of the subjects of medical and biological 
physics, together with a few excursions into subjects 
which can scarcely be regarded as ‘physics’, although 
no doubt they are of interest both as tools and as 
subjects for future biophysical researches. T. T. 
Puck’s article on the genetics of somatic mammalian 
cells comes mainly within this category, although it 
includes some account of the action of high-energy 
radiation cells when grown under tissue culture 
conditions. ‘The remaining articles cover a wide 
range of physical approaches to biological phenomena, 
for example, paramagnetic resonance, action spectro- 
scopy, dielectric properties and even television 
techniques in biology and medicine. 

Other articles deal with methods of low-level 
counting of radioactive isotopes (Anderson and 
Libby), which have assumed world-wide importance 
in view of the increasing contamination of the atmo- 
sphere, and the radioactivity of the human body 
(Spiers and Burch), an equally important subject at 
the present time. 

W. F. Bale and J. L. Spar discuss the use of anti- 
bodies as carriers of radioactivity for therapy. This 
is an interesting idea, but I do not think the authors 
have quite established their case that (with isolated 
exceptions) the therapy of specific organs is a practical 
proposition at present. Still, it is of much interest 
to have a review of the experiments made in this 
direction. 

A. Rose gives a discussion of some rather special 
features of human vision and R. E. Zirkle, in an 
excellent article, discusses the methods developed 
in his laboratory for the irradiation of small parts of 
cells and the effects observed so far. 

J. A. V. Burter 
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LANTS have the distinctive ability to synthesize 
protein from sugar and inorganic sources of 
nitrogen, and in this nitrogen-autotrophic behaviour 
they contrast sharply with the nitrogen-heterotrophic 
nutrition of animals. In fact, this ability of growing 
plants to carry out what may be called primary 
protein synthesis, that is, a net synthesis of protein 
from inorganic materials, represents one of the great 
outstanding biological problems. However, the 
association, if not the causal connexion, between 
protein synthesis and the growth of cells by division 
and by cell enlargement needs no re-emphasis here. 

Plant proteins rarely contain hydroxy-.-proline in 
the quantities encountered in the collagen-like 
materials of the animal body. Indeed, hydroxy- 
proline does not occur free in quantity in plants 
except in certain exceptional situations, and even 
then it may not be in the form (hydroxy-t-proline) 
that exists in collagen or in protein (for example, 
allo-hydroxyproline in Santallum’). Particular 
interest, therefore, is attached to some examples in 
plants in which ™“C-proline is directly and rapidly 
incorporated into a metabolically inactive plant 
protein (insoluble in alcohol, precipitable with tri- 
chloracetic acid), and then is progressively converted 
to bound hydroxy-t-proline. 

The new observations to be described have 
developed out of an earlier investigation which was 
summarized in Nature and has been published more 
fully in the Journal of Experimental Botany?. The 
features of the new work which bear upon the subject 
of protein synthesis and which are of more general 
and current interest will now be summarized. 


Hydroxyproline in Plant Protein 


Hydroxy-t-proline is unusually conspicuous in the 
hydrolysates of the total protein of plant cells which 
are active in random proliferation. This has now 
been shown for carrot tissue cultures grown on a 
medium which contains coconut milk, for potato 
tissue cultures grown on a medium containing coconut 
milk and 2,4-D (2,4-dichlorophenoxyacetic acid) or 
some equivalent substance, for tumours which grow 
on Nicotiana hybrids, by virtue of their genetic con- 
stitution, and for the tumours which grow on 
Kalanchi'e by the effect of the crown gall organism’. 
Hydroxy-t-proline occurs in substantial amounts in 
the protein hydrolysate of all these systems, even to 
some extent in the tissue which is formed by wound 
healing in the potato tuber, whereas it is either absent 
from, or present only in small amount in, the normal 
tissue. These observations should have meaning in 
the interpretation of the rapid proliferation which is 
characteristic of tumorous growth. It is also sig- 
niticant that tissue embarking upon this rapid 
preliferative growth can incorporate 'C-proline 


readily into its protein and then convert it to 
hydroxy-t-proline. 
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“C-PROLINE AND HYDROXYPROLINE IN THE PROTEIN — 
METABOLISM OF PLANTS 


AN EPISODE IN THE RELATION OF METABOLISM TO CELL GROWTH AND MORPHOGENESIS 


By Pror. F. C. STEWARD, F.R.S., and Dr. J. K. POLLARD 
Botany Department, Cornell University, Ithaca, New York 
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Growth of Disassociated Carrot Cells : 
Development from Carrot Cells to Carrot 
Plants 


More recent evidence in this laboratory now shows 
that carrot phloem cells may be grown in the dis- 
associated state in a culture medium which contains 
coconut milk (Fig. 1), and, after many transfers from 
culture to culture in this way, cells will re-form a 
loose proliferated mass (Figs. 2, 3 and 4), within 
which nodule-like centres of organized growth 
develop (Figs. 3 and 4). Cells in direct access to the 
coconut milk stimuli continue in random prolifera- 
tion, but organized development only occurs after a 
more orderly type of growth develops. This orderly 
growth is stimulated by differentiating cells, around 
which a spherical sheath of cambial-like tissue grows 
in a response like wound-healing (Fig. 3). In this 
way a spherical nodule, or nest, of growing cells is 
produced within the loose tissue-cultured mass. The 
growing cells of this more orderly tissue now have 
more controlled, or limited, access to the coconut milk 
stimuli. It is in these situations that nests, or nodules, 
of growing cells have been shown to behave like the 
zygote, in the sense that they will form first roots 
(Fig. 4), then shoots (Fig. 6), and finally entire carrot 
plants (Figs. 5, 6 and 7) with secondarily thickened 
storage organs (Fig. 7). In other words, the journey 
from disassociated vegetative carrot cells to carrot 
plants has been achieved without benefit of sexual 
reproduction. 

These facts of cell growth and morphogenesis are 
to be published more fully in the American Journal 
of Botany by one of us (F. C. 8S.) with M. Mapes, 
from whose photographs Figs. 1-7 are taken. They 
are mentioned here to emphasize the far-reaching 
conclusions that may well flow from the full under- 
standing of all the events which first cause relatively 
mature cells, as they are removed from the plant 
body, to enter upon the rapidly proliferating state. 
After such cells have been grown in the disassociated 
state and then allowed to form colonies, they can 
respond to nutritional stimuli and form whole, and 
apparently normal, plants. 

The distinctive protein metabolism of the cells 
which undergo the initial proliferative growth pro- 
vides the background for any further changes which 
occur as such cells grow and form the pro-embryo- 
like structures. Since these events can occur, without 
the stimulus of sexual reproduction, when cells from 
mature tissue are subjected to a nutrient fluid which 
normally nourishes an immature embryo (namely, 
coconut milk or the liquid endosperm of the coconut), 
special interest is therefore attached to the meta- 
bolism of the cell and of the tissue cultures 80 
stimulated. Indeed, these observations raise the 
question how far the events of embryology in the 
ovule are determined by nutrition and how far they 
presuppose the fertilization process. Plants in which 
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(1) A representative group of cells derived from the secondary phloem of carrot root, as these are grown in the freely suspended state 
8 


; in media containing coconut milk. These cel ww recent divisions and a giant cell with internal ons 
(2) Loose mass formed by proliferation from cells ee a ye | & Hs media; showing central cell which differentiates and 
adjacent cell divisions 
(3) Nodule of Frowing cambial-like cells surrounding central nest of lignifying cells: from this structure roots and shoots develop 
4 Culture with various nodules or growing centres, from one of which a root emerged; the roots were formed in liquid culture 
(5) Young plantlet removed from loose cultured ee Pesce form only ee — cultures on agar. This plantlet resembles an 
early stage of normal embryology 
° Loose proliferated culture ae from disassociated, freely suspended, cells; roots and shoots developed as shown in (4) and (5) 
(7) Complete carrot plant with shoot, root, and secondarily thickened storage organ: grown after cultures sete from freely 
suspended cells have been transferred to gee men semi-solid medium yore coconut milk. The storage root proliferated 
where it was in contact with the medium 
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HYDROXYPROLINE 


Phenol/water 
Fig. 8a. Radioautograph of chromatograms of hydrolysed 
the protein are not metabolized 


Phenol/water 


Fig. 8. Tissue treated for three days with “C-proline and then grown for 
(Average weight per explant, 72 mgm.) 


eight more days in ™C-free media, 


apomictic development occurs may be instructive 
ones to investigate in this connexion. 


Direct Incorporation of Endogenous Proline 
into Non-metabolized Protein 

The role of proline in the protein synthesis of 
carrot tissue cultures was anticipated from work in 
which the protein was labelled with carbon-14 by 
supplying various substrates in the external medium?. 
The specific activity of the carbon in certain of the 
amino-acids (glutamic, aspartic, threonine) from the 
protein was higher than that of the corresponding 
free amino-acids in the cell, indicating that the carbon 
which became incorporated into these acids of the 
protein came more immediately from the carbon-14 
substrate supplied than from the same acid as it 
occurred free in the cell. The coconut milk also 
increased the incorporation of carbon-14 into those 
amino-acids of the protein—over and above its effect 
upon synthesis—an effect which could only be 
explained by a stimulus of the coconut milk to 
protein turn-over, as well as its effect upon initial 
synthesis. The situation with respect to proline and 
hydroxyproline in the protein was, however, quite 
different from that which relates to glutamic and 
aspartic acids, threonine, etc. The specific activity 
of the proline and hydroxyproline in the protein was 
related closely to that of the carbon-14 in the proline 
free in the cell, and the incorporation of the labelled 
acid in the protein was stimulated by coconut milk 
in the same ratio that it stimulated total protein 
synthesis. This showed that carbon-14 could be 
directly incorporated into the protein from the free 
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rotein fraction of 
growing carrot explants showing that **C-proline and ™“C-hydroxyproline in 
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proline of the cell, and thenceforward it 
did not participate in further metabolic 
turn-over. This association (in growi 
carrot cells) of hydroxyproline with a 
protein moiety that does not participate 
in metabolic turn-over was, in this sense, 
reminiscent of the behaviour of collagen 
in the animal body. 


Utilization of Exogenous ™C-Proline 
by Carrot Explants 


Against this background of know- 
ledge, the following types of experiments 
have recently been performed and are 
to be described later in more detail‘. 

Generally labelled **C-proline has been 
added to the external medium in which 
cultured carrot explants had already 
reached the exponential phase of their 
b growth (that is, after several days of pre- 
growth in the medium). The C-proline 
then rapidly enters the cell and within 
15 min. radioactivity can be found in the 
fraction insoluble in alcohol. On hydro- 
lysis of the fraction insoluble in alcohol, 
the radioactivity appears almost entirely 
in the form of proline and hydroxy- 
proline, and after cultures have been in 
contact with the carbon-14 substrate for 
a day, the activity was almost evenly 
divided between the proline and the 
hydroxyproline of the protein. 

Tissue which had thus incorporated 
4C-proline into its protein was allowed 
to metabolize and grow in a medium 
without the “C-proline for a further seven 
days, when it increased in fresh weight 
to more than 300 per cent of the initial weight ; but, 
even so, the carbon-14 label remained exclusively 
in the proline and hydroxyproline of the protein 
(Fig. 8), and virtually none of the originally bound 
activity came off as carbon-14 dioxide. These facts 
clearly show that the protein moiety which incor- 
porates carbon-14 directly from proline, and in which 
it is converted partially to hydroxyproline, certainly 
does not participate in metabolic turn-over. In this 
respect this metabolically inactive type of protein 
contrasts sharply with that which preferentially, but 
more slowly, incorporates carbon-14 from sugar into 
the combined glutamic and other protein amino-acids, 
for this protein does turn its carbon over, and some 
is respired away. 


Butanol/acetic acid/water — 


Butanol/acetic acid/water — 


Conversion to Hydroxyproline 


Time studies showed that the ratio of the carbon-14 
in the combined proline to the carbon-14 in the com- 
bined hydroxyproline declined progressively with 
time—rapidly at first from a maximum of about 4 
at 30 min., and thereafter slowly to a final value of 
0-7 at the end of a week. In this respect the be- 
haviour of the carrot cells is similar to that of animal 
cells, which synthesize collagen, for they also appear 
to incorporate proline and oxidize it in the protein 
in situ’. 

Time studies also showed that the direct incor- 
poration of “C-proline into the protein of the rapidly 
growing cells was detectable 15 min. after its addition 
to the external solution, and synthesis proceeded 
linearly with time for some 24 hr. at least (Fig. 9). 
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Hours of contact with “C-proline 


Fig. 9. Effect of time on the incorporation of carbon-14 from 
“C-proline into the alcohol-insoluble nitrogen fraction of carrot 
tissue cultures 


Hydroxyproline and its Analogues as Proline 
Antagonists of Growth and Synthesis 


Recognizing that a salient feature of the rapidly 
proliferating carrot cells is their formation of a 
protein moiety which contains hydroxyproline derived 
from proline, the use of exogenous hydroxyproline as 
a potential substrate for protem synthesis was tested. 
The addition of hydroxy-t-proline to the external 
culture solution at concentrations so low as 10 p.p.m. 
inhibited the growth induction, and therefore the 
total protein synthesis, otherwise stimulated by the 
coconut milk. This effect of hydroxyproline could be 
reversed by casein hydrolysate, but the only protein 
amino-acid which could do this successfully was 
proline itself’. Therefore, hydroxy-L-proline now 
emerges as a powerful antagonist of the growth 
induction due to coconut milk in this type of cell. 

In co-operation with Dr. B. Witkop’s laboratory in 
the National Institutes of Health at Bethesda, Mary- 
land, about seventy-five compounds have now been 
tested for their ability to suppress growth and protein 
synthesis in ways that are reversible by proline’. 
The results are briefly as follows. The most effective 
proline antagonist is hydroxy-t-proline; hydroxy- 
L-proline compounds are more effective than the 
corresponding hydroxy-D-compounds ;_ substitution 
either on the oxygen or the nitrogen of the hydroxy- 
L-proline molecule reduces the inhibitory effect, and 
igs. so when the substitution is on the nitrogen 
atom. 

By the use of biosynthetic ™C-hydroxyproline it 
was shown, unequivocally, that this acid freely 
entered the growing cells and was detectable as such 
in the aleohol-soluble extract. Any minute amount 
of radioactivity (3 per cent) which slowly entered the 
protein from ™C-hydroxyproline is presumed to do 
so by prior conversion to proline, entry into the 
protein as such, and then reconversion to hydroxy- 
proline in the protein, since both appeared in the 
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protein in & ratio consistent with that observed when 
14C-proline is supplied*. 


Proline and Hydroxyproline in the Induction 
of Growth by Coconut Milk 


Two types of response in the plant tissue cultures 
need to be distinguished. The first concerns the 
transition of the resting tissue of the carrot root into 
the rapidly growing state, and the second concerns 
the continuance of that growth once it is well 
established. 

The first of these, namely, the growth induction 
phenomenon, is known to be brought about by the 
stimulus of the coconut milk or other fluids, and it 
requires a finite time to take effect; during this 
time, cells first enlarge more than they divide, and 
a phase of rapid cell division follows’. . 

Other work in this laboratory has shown that 
during this initial induction phase the response of the 
tissue is sensitive to carbon monoxide and to cyanide 
and to relatively low dosages of radiation. Eventually, 
after growth has been induced, the tissue becomes 
less sensitive to all these adverse stimuli. 

The centres at which the growth factors act to 
induce growth must therefore be accessible to all 
these antagonistic effects, and it is now seen that 
exogenous hydroxyproline must be included among 
the effects that are inimical to the cell-division growth 
factors provided by the coconut milk. Because the 
adverse effect of hydroxyproline is prevented by 
proline, which also enters the protein, this implies 
that direct incorporation of endogenous proline and 
its conversion to hydroxyproline in the protein syn- 
thesized is a very real part of this growth-induction 
response. However, after the growth induction has 
taken place and the tissue is well embarked upon its 
proliferative growth, finite amounts of proline may 
be incorporated with but little effect of added 
hydroxyproline—at least during short periods of 
exposure to C-proline. Thus, again it is necessary 
to distinguish effects which induce growth at the 
outset from those that are compatible with its con- 
tinuation. 


Significance of the Non-labile Protein Moiety 


These results parallel events that are now attracting 
attention in the animal body. The stimulus to 
collagen synthesis that often accompanies wound 
healing has been noted, and collagen synthesis is a 
feature also of some diseases, for example, arthritis. 

It is tempting to see some structural role in the 
dividing plant cells for this non-labile protein, which 
resembles collagen in its composition but not in its 
solubility. The presence of pronounced cytoplasmic 
strands and active streaming in the free cells which 
grow on coconut milk media (Fig. 1) offers a sug- 
gestive location for such an elastic protein moiety. 
Labelling experiments are contemplated in an attempt 
to localize this protein in these cells, which contain 
this unusual plant protein in quite large amounts. 


Protein Turn-over : Labile and Inert Protein 
Moieties 


A suggestive feature of the coconut milk stimulus 
to the growth of plant cells is a markedly increased 
rate of metabolic turn-over, which involves a part 
only of the protein?; this is linked also with a 
similar stimulus to respiration, as shown by the 
evolution of carbon-14 dioxide. The carbon of the 
respired carbon dioxide which is linked to protein 
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turn-over moved perforce through the sequence of 
protein synthesis and breakdown. But the protein 
of these cells also includes a part which is remarkably 
stable and free from such turn-over, and this part 
includes the combined hydroxyproline. The latter 
part of the protein, in fact, resembles a virus protein 
in that it is, metabolically, at a ‘point of no return’. 
Since the work on plants links the inception of this 
special kind of protein metabolism to the induction 
of growth in cells which proliferate, when attached 
to an explant, the interest of these phenomena in 
relation to tumorous growth seems clear. However, 
the additional fact that similar cells growing free 
may, in the presence of the natural nutrients for 
an immature embryo, develop into proembryo-like 
structures from which entire plantlets can be grown, 
sets this type of protein metabolism in a milieu from 
which fascinating morphogenetic events emerge. 
From mature carrot phloem, to growing tissue 
cultures, to disassociated cells, to centres of growth 
out of which roots emerge, then shoots, is a remark- 
able morphogenetic sequence, and the significant 
feature is that the nutritional and special stimuli are 
furnished by the nutrient fluids that normally nourish 
immature embryos. One distinctive biochemical 
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feature of this system, at the outset of its response, 
is the inception in the carrot cells of a characteristic 
type of protein metabolism leading to the formation 
of a protein which contains hydroxyproline formed 
in situ in the protein from proline. 

This work forms part of a programme of research 
which has been supported by grants from the 
National Cancer Institute, National Institutes of 
Health, United States Department of Health, 
Education and Welfare, Bethesda, Maryland. Assist- 
ance with the work on aseptic culture of plant tissues 
was made possible by these grants and was given 
successively by Miss K. Mears and Mrs. M. Mapes; 
this is gratefully acknowledged. ; 
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GEOLOGY AND OIL 


HE British Association for the Advancement of 

Science, Section C (Geology), held a symposium 
on “Geology and Oil” at the Royal College of Science 
and Technology in Glasgow on August 28. Sir 
Alexander Fleck, president of the British Association, 
presided over a luncheon given by the combined oil 
companies and representative local industries. Prof. 
L. R. Wager, president of Section C, took the chair 
for the session. 

Mr. F. E. Wellings, chief geologist of the Iraq 
Petroleum Company, summarized the contribution 
of geology to the oil industry. Col. Drake’s first well 
in 1859 was located on oil seeps. Although geologists 
connected the early Appalachian oilfields with anti- 
clines, geological advice was at first resented by oil 
men (‘wildcatters’). However, by the first decade 
of this century, oil companies were employing 
survey and academic geologists, and the United States 
Geological Survey began publication of studies of the 
geology of oil and gas. By the First World War, oil 
companies had permanent geological departments. 

Surface mapping for anticlines, examination of drill 
euttings and prediction of subsurface structure were 
the first geological techniques to be used. Oil is 
common in sedimentary rocks, but commercial oil 
occurs in underground traps where porous rocks, 
such as sandstone or limestone, are confined by 
impermeable rocks. Oil flows by artesian pressure 
of brine below it or by the expansion of natural gas 
in the reservoir. All the major oilfields of the Middle 
East are anticlines, found by geological mapping or 
geophysics. Systematic use of Foraminifera, micro- 
facies and detrital minerals dates from the early 
1920's. Aeriai photography for mapping and photo- 
geology, gravity survey by torsion balance and sub- 
surface mapping by refraction seismic work began 
about the same time. Gravity and seismic methods 
discovered their first oilfields in 1924. Schlumberger 
electrical well logging of boreholes began in 1928. 
The replacement of the torsion balance by the 


gravimeter, refraction by reflexion seismography, 
improved coring and logging techniques and innova- 
tions such as ecology and gamma-ray logging make 
oil geology a dynamic science. Improved interpre- 
tation and presentation of results is important and 
a new hybrid personality, call him a ‘geophysical 
geologist’ or ‘geological geophysicist’, is best qualified 
for future oil finding. Repressuring by gas or water 
injection, to give secondary recovery of oil, demands 
more geological knowledge and engineering skill, but 
costs rise while the value of the oil does not. Geologi- 
cal survey is cheap, seismic prospecting is 10-15 
times as expensive, whereas drilling costs twice that. 
Increased geological efficiency leading to drilling 
fewer dry holes therefore offers big savings. There 
is as yet no direct physical way of detecting actual 
accumulations of oil. ‘Oil is where you find it’ and 
the only final test is the drill. Great technical effort 
will be required from geologists to meet the expected 
doubling of demand for oil in the next twenty years. 
There must, too, be the urge. Because the rewards of 
success are so great, the oil geologist must temper 
scientific caution with optimism. 

Dr. A. H. Smout of the Iraq Petroleum Company 
explained the theory and practice of microfacies 
work. The method was described by H. B. Milner 
in 1926, but the term was introduced by Prof. J. 
Cuvillier in 1951 in presenting his beautiful photo- 
graphs of thin sections of limestones from Aquitaine. 
It implies the sum of the lithological, mineralogical, 
textural and fossil characters of a sedimentary rock 
as seen in thin section. Although there is a back- 
ground of detailed investigations by any means 
deemed suitable, routine microfacies work relies on 
simple inspection, usually at a magnification about 
x 25, and without petrological microscope equipment. 
Most common sedimentary minerals and many 
microfossils, particularly Foraminifera, can be identi- 
fied and various details otherwise invisible givé 
information. Simple comparison of appearance 8 


me 
+ 
ES 
i 


no. 4639 September 27, 1958 NATURE 


often sufficient for local correlation or broad strati- 
aphicaluse. Textures, however, reveal index species 
and facies indications. The ‘original sedimentary 
grains reveal their origin and much about their 
transport and deposition. For example, a freshwater 
limestone differs from a marine one, and depth zona- 
tion of paleogeographical facies is often found. 
Wind-blown sand grains differ obviously from water- 
worn ones. Secondary textures arise in diagenesis, 
partly or wholly altering the original texture, such as 
the recrystallization of aragonite to calcite. Meta- 
somatism, altering calcite to dolomite, iron ore, flint, 
ete., involves bulk replacements of elements in the 
solid rock, but often the original characters can still 
be stated. Low-grade metamorphism may be seen. 
Strain texture in the form of calcite veins, stylolitic 
sutures or cleavage of minerals may be found. 

The industrial value of microfacies work depends 
on its rapid routine empirical use ; a determination 
being possible within one hour of sampling if neces- 
sary. It offers direct comparison between outcrop 
samples, cores and well cuttings, often as small as a 
pea. Its value is greatly increased by the additional 
information on facies variation. The amateur geolo- 
gist will find the method possible with the minimum 
of equipment, but like the expert must persevere until 
he knows the appearances of all the local hard rocks. 
Limestones are easy to section and give the greatest 
variety of geologically significant variations. 

The close relationship of geology and geophysics 
in oil exploration was emphasized again by Mr. D. R. 
Brown, chief geophysicist of Iraq Petroleum Company. 
Physical measurements permit an extrapolation of 
the geological observations at the surface or in wells, 
but lead to a final interpretation in geological terms 
which can only be developed by close collaboration. 

Since the War the Iraq Petroleum Company group 
of companies have observed nearly 250,000 stations 
in gravity reconnaissance and covered about 15,000 
miles of more precise seismic traverse. Normal 
development from a tenuous gravity lead and a semi- 
detailed seismic survey was illustrated by the results 
discovering the prolific oil-fields of Zubair and 
Rumaila in the Basrah area of Iraq. Additional 
knowledge of the distribution of seismic velocities in 
this area is still being built up and is aiding the 
final appraisal of the sub-surface structures needed 
for their efficient development. 

Improved techniques and instrumentation are now 
being applied to the detailed seismic work. Areas 
of loose sands or cavernous limestones, previously 
unworkable, now yield readable reflexions to maltiple 
patterns of shot-holes and geophones which direct 
and concentrate the ground energy. Magnetic tape 
recording allows the analysis of the received energy 
and accentuation of the particular characteristics 
desired. The recognition and elimination of disturbing 
reverberations give a truer knowledge of the velocity 
distribution in depth. 

Electronic or photographic reproduction of a series 
of records with appropriate corrections simplifies the 
calculations and interpretation from the resultant 
cross-sections. 

The logistics of maintaining the large amount of 
equipment present major problems in the more remote 
desert areas, particularly if continuous working 
throughout the summer months is desired. Recently, 
a survey in the marsh areas north of Basrah has 
required the development of a special floating camp 
and working equipment of a type not usually associ- 
ated with Middle East regions. 


Dr. J. Birks of the British Petroleum Company 
briefly described the logs which are commonly used 
in the course of drilling oil wells. These are drilling, 
geological, drilling mud, geochemical and core 
analysis logs, but the term ‘well logging’ is now 
generally applied to electrical and radioactive 
measurements of the rocks and their fluid contents. 

Electrical and radioactive well logging are com- 
paratively recent innovations, but they have become 
essential exploration tools. Four main groups of 
instruments are now used. Electrical sondes measure 
the depth, diameter and inclination of the borehole ; 
electro-mechanical sondes measure temperatures and 
pressures and give the flow-rate of fluids produced 
from or injected into the hole; electrical sondes 
measure the resistance of the rocks, their water, 
oil or gas contents, the salinity of the water and, in 
modified form, give the angle and direction of dip 
of the strata; radioactive sondes measure the 
natural gamma-radioactivity of the rocks and the 
induced radioactivity (the neutron log). 

A complete section of the borehole can be logged 
and the results presented on a small number of charts. 
A complete pattern of the borehole is available to the 
geologist, who can compare the lithology of the drill 
cuttings with the log data and define the sand/shale 
sequences, coal seams, limestones, etc. Detailed 
interpretation gives porosities, water content and 
salinity, and zones of oil and gas accumulation. The 
only important rock property not yet measurable 
by logging is permeability, that is, its ability to pro- 
duce fluid into the borehole. This must be measured 
by production test, but the zones to be so tested are 
decided from the electrical and radioactive logs. 

Recent developments are the presentation of logs 
in variable density form and the use of television 
cameras in boreholes. 

Mr. N. L. Falcon, chief geologist of the British 
Petroleum Company, concluded the symposium with 
an address on the contribution of oil exploration to 
the advancement of geological science. The word 
geology was used in the widest sense to include all 
knowledge having a bearing on the constitution of 
the Earth’s crust. Previous speakers had dealt with 
the assistance which geology and allied sciences gave 
to oil exploration and the final talk had as its theme 
the manner in which oil exploration repays the debt. 
Oil exploration has added an enormous amount of 
world-wide factual data to the general fund of 
geological knowledge. Geological research begins 
with reconnaissance but rapidly tends towards the 
study of available evidence in greater and greater 
detail. The great contribution the international oil 
industry makes to geology is to extend the recon- 
naissance phase of research into inaccessible places 
all over the world, below the surface as well as on it. 

Large areas of the Earth would not yet have been 
mapped had it not been for oil exploration. The 
information from boreholes represents the examina- 
tion of 50,000 miles of continuous vertical section 
each year, for in the United States alone 45,000 miles 
of hole are drilled yearly. The wealth of information 
so obtained has led to development of isopachyte 
and facies maps and the study of deltaic deposits. 
It has also resulted in a greatly increased knowledge 
of rock deformation before elevation and erosion. 

Other important contributions to geological science 
by oil exploration were discussed, for example, in 
the field of micropalaeontology particularly with 
reference to Foraminifera, in photogeology where 
present techniques have to a great extent been 
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developed within the oil industry, in electrical logging 
devices and in the development of geophysical tools 
for sub-surface exploration. 

Mr. Falcon concluded by stating that the term 
‘oil geology’ tends to obscure the fact that here is 
one branch of geology which is devoted to accumulat- 
ing knowledge about the Earth’s crust and that the 
geologists serving the industry have exceptional 
opportunities for doing so. Much information has 
been released ; much more could not be released for 
various reasons not the least of which is the effort 
required to collate and publish the wealth of factual 
data available. That already published presented 
an embarrassing bulk. 

An exhibition of oil geology and geophysics was 
open for the whole week of the British Association 
meeting. This was arranged on behalf of the British 
Association by the British Petroleum Company, 
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Ltd., with assistance and contributions from Burmah 
Oil Company, Ltd., Iraq Petroleum Company, Ltd., 
Kuwait Oil Company, Ltd., and Shell Petroleum 
Company, Ltd. Actual samples, instruments and 
primary records, photographs of geological opera- 
tions and final interpretations of geological results 
in the form of geological and geophysical maps, 
and of models of subsurface geological structure, 
were on display. The exhibition aroused considerable 
interest, particularly among the many members 
who had connexions with other industrial applica- 
tions of geology. Mr. V. W. Baker, of the British 
Petroleum Company, Ltd., displayed the exhibition 
to the maximum advantage in the ideal sur. 
roundings of the laboratories of the Department 
of Mining of the Royal College of Science and 
Technology generously made available by Prof. G. 
Hibberd. A. H. Smoutr 


DEPOSITION OF STRONTIUM-90 AND ITS CONTENT IN VEGETATION 
AND IN HUMAN DIET IN THE UNITED KINGDOM 


By Dr. R. SCOTT RUSSELL 
Agricultural Research Council Radiobiological Laboratory, Grove, Wantage, Berks 


Introduction 


F strontium-90 is deposited either at a relatively 
steady rate as in world-wide fall-out or in a sudden 
deposition of short duration, as might occur after a 
reactor accident, its long-term consequences can be 
assessed only if the mechanisms whereby it enters 
plants, and hence reaches human food, are understood. 
On the simplest analysis the strontium-90 in plants 
can be divided into two components, namely, that 
which lodges on the leaves, stems or surface roots and 
is absorbed by them, and that which is absorbed after 
incorporation into the soil. If the deposition is 
continuous, the former component will depend on the 
quantity deposited during the life of the plant, and 
it is therefore a function of the rate of fall-out; the 
latter component will depend on the cumulative 
deposition. It is thus necessary to solve the equation : 
C =aD, + bDr (1) 
when C is the strontium-90 content of the plant ; 
Dy and Dr are the deposition during the life of the 
plant and the cumulative deposition respectively, 
and a and b are proportionality functions. For any 
one species in a given environment a should be rela- 
tively constant with time; as will be shown later, 
however, b may change progressively. 

If strontium-90 is released for a short period only, 
equation 1 should be applicable to plants growing 
at that time. Afterwards, however, the relevant 
equation will be : 

C = bDr (2) 
The same equations can be applied to agricultural 
products, such as milk, which contain strontium-90 
derived from vegetation. 

An attempt is made here to solve these equations 
in the light of the results both of surveys of world- 
wde fall-out’? and field experiments in which 
radioactive strontium has been applied to the surface 
of land which has been afterwards cultivated as 
nearly as possible by normal agricultural methods**. 


The present conclusions are tentative only ; they 
appear, however, to provide the best fit to the data 
at present available. 


Genera! Aspects of the Behaviour of Strontium-90 
in Plants and Soils 

The movement of strontium-90 through food chains 
is similar to that of calcium but not identical with it, 
and the hazard to the human population from the 
ingestion of strontium-90 depends largely on the 
quantity of calcium with which it is accompanied, 
as the two ions are laid down side by side in bone. 
Thus the comparison of their behaviour is of particular 
importance. Strontium, like calcium, is relatively 
immobile once it has reached the leaves of plants, and 
for practical purposes its subsequent transfer to other 
tissues can be ignored. Some discrimination between 
the two ions occurs within plants, and the ratio of 
strontium to calcium in roots normally exceeds that 
in shoots. The overall effect of this discrimination is, 
however, small, and water-culture studies indicate 
that in a practical assessment the ratio of strontium-90 
to calcium in plant shoots can be regarded as similar 
to that in the outer medium ; no large intraspecific 
differences in discrimination between strontium and 
calcium have been established®. 

Water culture studies show that the rate of absorp- 
tion of strontium is closely dependent on the external 
concentration of strontium plus calcium®’. This 
simple relationship has, however, not been borne out 
in a number of investigations in which plants have 
been grown in soil®**. This appears to be because 
conventional methods for soil extraction are inade- 
quate to assess the availability to plants of strontium- 
90 relative to soil calcium; there is evidence that 
strontium-90 and calcium are absorbed in proportion 
to their concentrations in the equilibrium soil solution, 
and methods for measuring this ratio are under 
investigation’®. In subsequent discussion the term 
‘ratio of strontium-90 to calcium’ in soil is used with 
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respect only to the fractions of the two ions which are 
of comparable availability to plants. 

The study of the absorption of strontium-90 from 
world-wide fall-out under field conditions is com- 
plicated by its non-uniform distribution in the soil 
profile. More than 70 per cent of the strontium-90 as 
yet deposited by world-wide fall-out is in the upper 
5 em. of undisturbed soil’; numerous laboratory 
experiments have confirmed its slow downward 
movement. Thus the ratio of strontium-90 to 
calcium varies greatly through the soil horizons 
from which plants absorb ions. With the passage of 
time, especially if ground is cultivated, the distribu- 
tion of strontium-90 will become more uniform, so 
that even if no further strontium-90 enters, the ratio 
of strontium-90 to calcium in the rooting zone may 
change. For example, if plants absorb the major 
part of their nutrients from the upper soil layers the 
ratio of strontium-90 to calcium accessible to them 
should decrease steadily with time. The extent of 
this effect is indicated by field experiments in which 
rye-grass was grown in soil to which a constant 
quantity of strontium-89 was applied either as a 
surface dressing immediately after the sowing of the 
seeds or alternatively was cultivated into the soil to 
different depths‘. Ploughing to 12 in. (Table 1) 
caused the ratio of strontium-89 to calcium in plants 
to be on the average only 30 per cent of that resulting 
from a surface application. More deeply rooted 
crops, for example cereals, were less affected by the 
depth of placement of strontium-89. There is no 
evidence that strontium is fixed in soils in a manner 
comparable with that which occurs with potassium 
or phosphate!*, but it is clear from Table 1 that the 
progressive mixing of strontium-90 in the soil, which 
will occur especially rapidly if land is cultivated, 
may result in its accessibility to plants decreasing 
steadily relative to that of calcium. Thus over long 
periods the function b in equation 1 cannot be 
regarded as a constant. 


Extent of Absorption of Strontium-90 from Soils 
by Plants under Field Conditions 


As world-wide fall-out continues, the quantity of 
strontium-90 in the soil will become progressively 
greater relative to that which is deposited annually. 
Thus the absorption of strontium-90 from the soil 
should contribute an increasing fraction of the total 
plant content. The prediction of long-term trends is 
therefore possible only if the extent of absorption of 
strontium-90 from soil is known. Attempts have been 
made to study this question by applying equations 


Table 1. RESULTS OF FIELD EXPERIMENTS IN WHICH STRONTIUM-89 
WAS APPLIED TO THE SURFACE OF THE GROUND AND CULTIVATED BY 
DIFFERENT METHODS BEFORE THE GROWTH OF RYE-GRASS (MILBOURN 


et al.; ref. 4) 
Depth of Ratio of strontium-89 to calcium in plant 
cultivation shoots (uc. Sr-89/gm. Ca) 
contamination Experiment No. 
3 | 5 Mean 
A nil 1-53 4-26 5°76 5°81 4°34 
B 4in 1-03 2-03 2-44 3°49 2-25 
C 7in. 0-68 1°33 1-41 3°37 1-70 
D12in. 0-23 1°34 2°84 1:35 
Statistical signifi- 
cance (P): 
A v. Rest (per 
cen 0-1 0-1 0-1 5 
Bv. D (per cent) 0-1 5 1 1 


Results expressed 
wena. basis of 1,000 uc. strontium-90 applied per m. 


Table 2. ASSESSMENT OF MEAN STRONTIUM-90/CALOIUM RATIOS FOR 
CROPS IN BRITAIN DUE TO ABSORPTION FROM SOIL CONTAINING 
1,000 uuc. Sr-90/m.* 


Survey of cultivated | Results for experiments(ref. 4) | Contri- 


agricultural soils adjusted to bases of 1,000 wyuc. | bution to 
in Britain Sr-89 added per m.? country- 
Extract- | Fraction | Experi- | Extract- Mean /| wide mean 
able soil | of total ment | able soil | wuc. Sr-89/ | uue. Sr-90/ 
Ca area No. Ca gm. Ca gm. Ca 
> (1) (2) (3) (4) (5) (6) 
15 0:54 1 23-0 
2 22-6 69); 0:37 
5 72 1:63; 0-40 
<5 0-04 6 2:2 | 4-52 0-20 
Country-wide mean : 1-1 
| 


Notes: Columns 1 and 4—values were determined by extraction of 
soil with N ammonium acetate and are expressed as milli-equivalents 
Ca/100 gm. soil. Column 2—shows results of a survey of cultivated 
agricultural soils (ref. 14). Column 6—calculated by multiplyi 
column 5 by column 2. By summing the entries for the four soi 
calcium classes the country-wide mean, weighted for the areas of 
different soil types, is obtained. 


similar to equation 1 to the results of surveys of 
world-wide fall-out!*. This approach is considered 
unsatisfactory since it implies that the function b 
in equation 1 is a constant. Furthermore, the method 
is unavoidably imprecise when the component of plant 
content which is dependent on the rate of fall-out 
(aDp) is relatively large, since the soil component 
(bD7) is then a small difference between two large 
quantities. The results of field experiments therefore 
appear to provide a more satisfactory basis for 
assessment. 

For this purpose the results of six experiments on 
contrasting soil types have been used‘. In each, three 
test crops were grown (a grass/clover mixture, cereals 
and either a ‘root’ or a forage crop) after strontium-89 
had been incorporated into the soil by the three 
cultivation -procedures indicated in Table 1. The 
results were corrected for radioactive decay so that 
the fate of strontium-90 can be inferred. In Table 2 
(cols. 3-5) the mean result for all cultivation treat- 
ments and all crops in each experiment are expressed 
as ratios of strontium-89 to calcium, and not as 
percentages of strontium-89 absorbed, since the 
latter will vary more with crop yield. The ratios of 
strontium-89 to calcium in plants were highest in 
soils of low calcium content. However, the observed 
differences should not be taken as a basis for general- 
ization with regard to the effect of soil calcium, since 
it appears‘ that factors other than soil calcium were 
important in determining the strontium-89 content 
of plants grown in the soil of lowest calcium content. 
None the less, variations in soil calcium must be taken 
into account in the construction of a country-wide 
mean. To this end the results of the experiments 
have been weighted in accordance with the fraction 
of the total cultivated land in England and Wales 
which is of similar calcium status". Hill grazing 
has been excluded as it is a minor source of dietary 
calcium. On this basis the country-wide mean value 
is 1-1 pyc. strontium-90/gm. calcium in plants when 
the deposition is 1,000 pyc. strontium-90 per m.? 
(that is, 1 me./km.?). 

Although this calculation appears to be less 
questionable than the use of the result of surveys of 
world-wide fall-out, the present figures must be 
treated with caution. The experiments span the 


range of calcium content in British soils but they 
cannot be regarded as truly representative; no 
account has been taken of factors other than soil 
calcium which affect the absorption of radioactive 


th 
id 
ts 
IS, 
ile 
TS : 
sh : 
on 
ir- 
nt 
nd 
N 
0 
it, 
he 
he 
1e. 
aly 
nd 2 
en. 
of 
at, 
is, 
ate 
90 : 
lar 
fic 
nd 
| 
his | 
vat 
ve | 
| 
le- 
at, | 
on 
mn, | 
ler | 
rm. — — 


NATURE 


September ad, 1958 VOL. 182 


Table 3. COMPARISON OF OBSERVED LEVELS OF STRONTIUM-90 IN MILK AND VEGETABLES IN THE UNITED KINGDOM witH LEVELS EXPECTED 70 
RESULT Som 


FROM ABSORPTION FROM THE 


Sr-90/gm. Ca 


Milk 


Lowland pasture Chilton, Berks 1956 
Mean for six 
sites 
Annual 
(edible tissues) 

Potato Mean for four 
Carrots localities 1957 
Cabbage 
Lettuce 


Peas and beans 


Cumulative de; - 
Material Collection site and | tion at mid-sesson | Observed | Calculated (e) Ratio ; Observed 
date me./km.? “calculated 
(1) (2) (3) (4) (5) (6) 
Frome, 1 0-28 (f) 


5-0 (6) 45 (c) 55 8 
7-7 (b) 23 8-5 2°7 
3 
7-7 (b 11 8-5 1 
7-7 (b 11 (d) 8-5 1:3 
7-7 (b) 23 (d 85 2-7 
(6) 8-5 0-9 


(a) From Stewart e¢ al. 
From Stewart et al. 
c) Bryant et al. (ref. 1). 
(d) Bryant ef al. (ref. 2). 


strontium. Moreover, the experiments have been 
carried out for only one season and since the stron- 
tium-90 has not been incorporated as fully in the 
soil profile as would be the case under continuous 
cultivation (on the average of all treatments 50 per 
cent remained in the top 4 in.) it is probable that the 
situation which would occur after long periods of 
cultivation has been overestimated. 


World-wide Fall-out : the Present Mechanism of 
Entry of Strontium-90 into Vegetation 


Estimates of cumulative deposition of strontium- 
90 in the United Kingdom have been made’ and 
ratios of strontium-90 to calcium in vegetation 
and milk have been reported!:*. A comparison 
has been attempted (Table 3) between the observed 
values in vegetation and in milk with those which 
would have been expected from the data in Table 2 
if contaminaticn had been due to absorption from the 
soil. This comparison is not precise as no results are 
at present available for samples representative of the 
country’s agricultural production as a whole. With 
regard to milk it has been assumed that there is a 
discrimination factor of 0-14 against strontium 
relative to calcium in its passage to milk’, and that 
20 per cent of the calcium in the diet of cattle is 
relatively uncontaminated (more than 30 per cent of 
dietary calcium is likely to come from sources which 
are only slightly contaminated relative to grass, for 
example, roots and ‘concentrates’). In only a few 
cases, noted in Table 3, has it been possible to make 
allowance for variations in the deposition of strontium- 
90 from one part of the country to the other or for 
the level of soil calcium. The results of surveys of 
permanent pastures in hill areast have been excluded 
for reasons which are discussed below. A further 
source of error in the present comparison is that the 
lack of quantitative data has made it necessary to 
assume that the ratio of strontium-90 to calcium in 
the edible tissues of vegetables is similar to that in 
the whole plant. 

Table 3 shows that for milk and permanent pastures 
the observed values exceed those expected if absorp- 
tion occurred from the soil by factors of 8-15. This 
suggests that more than 80 per cent of the strontium- 
90 in these materials has not passed through the soil. 


(ref. 15) adjusted on basis of local rainfall. 
(ref. 15), assuming mean rainfall of 75 cm. per annum. 


ee Table 2). 


(e) Based on calculation that 1,000 Sr-90/m.* will lead to 1-1 Sr-90/gm. Ca in 
(f) Adjusted from mean values calculated in Table 2 on basis of (1) mean level of labile calcium in cultivated soils in Somerset (< 10 
> 15 m.eqguiv. : 98 per cent et (2) Sr-90/Ca ratioin milk assumed to be 
nai 


For the annual vegetable crops the values approach 
more closely to 1; thus it appears that the major 
fraction of the strontium-90 in these crops was 
absorbed from the soil excepting possibly only lettuce, 
the one vegetable examined of which the exposed 
leaves are edible (the interpretation of the results for 
potatoes is difficult since they were not peeled prior 
to assay). 

An examination of results for hill pastures 
strengthens the inference that the contamination of 
permanent grass cannot be attributed to absorption 
from the soil. Ratios of strontium-90 to calcium 
ranging up to 2,100 uyuc. strontium-90/gm. calcium 
are reported, that is to say, nearly 50 times the mean 
for lowland pastures'. As soils comparable to those 
of these hill areas were not employed in the field 
experiments, the quantity of strontium-90 which 
would have been expected to be absorbed from soil 
cannot be estimated by the method adopted in Table 
3. Some basis for assessing the extent of absorption 
from the soil is, however, possible from the results of 
preliminary laboratory experiments, in which rye- 
grass was grown in soil from these areas which had 
been contaminated with strontium-89. A comparison 
of the results of the tracer experiments and field 
surveys suggests that the ratios of strontium-90 to 
calcium in native vegetation of different types are 
4-40 times greater than would have resulted from 
absorption from the soil**. 

Since milk is at present the major route whereby 
strontium-90 reaches human diet it is particularly 
important to interpret the mechanism whereby 
strontium-90 enters the herbage of permanent pastures 
which cattle graze. As the contribution of strontium- 
90 from the soil appears to be relatively small, the 
major route of entry must be through leaves, stems 
or surface roots. Direct foliar absorption is the 
mechanism other than absorption from the soil which 
has been considered in the majority of discussions 
hitherto. Entry by this route would be expected to 
depend on the rate of deposition during the growing 
period of leaves, that is to say, it should be a function 
of the annual rate of fall-out. Data for lowland 
pastures and for milk in the United Kingdom are 
reasonably compatible with this interpretation. In 
the period 1955-56 when the rate of annual fall-out 
was relatively constant and the cumulative total 


| Somerset 1956 5-4 (a) (c) 0-42 (f) 10 
xe ear 1957 8-0 (a) 5-1 (d) 0-63 (f) 8 
4-3 (a) 33 (c) 3-0 (9) 11 
| 
m.equ 
es RS Seer (g) Adjusted for mean value calculated in Table 2 forsoilcontaining > 15 m.equiv. labile Ca/100 gm. 
z 
: 
& 3 


Table 4. COMPARISON OF DEPOSITION OF STRONTIUM-90 AND LEVELS 
IN MILK IN THE UNITED KINGDOM AND IN THE UNITED STATES OF 
ICA 
Cumulative Milk pyc.Sr-90/ 
deposition | pyc. Sr-90/ | gm. Ca per 
me./km.* gm. Ca me./km.* 
Frome, Somerset (a) (1) (2) (3) 
1955 4-1 1-1 
1956 5-4 4-4 0°81 
1957 8-0 5-1 0-64 
New York (6) 
1953-54 1-9 0-8 0-42 
1954-55 8-5 1-25 0:36 
1955-56 70 2-4 0-34 
1956-57 10°8 3-5 0-32 


(a) from Stewart et al. (ref. 15), and Bryant et al. (ref. 2) 
(b) from Eckelmann et al. (ref. 20). 


increased by a factor exceeding two, levels in milk 
rose to a comparatively small extent (Table 4). 
Direct foliar absorption cannot, however, explain 
the situation in hill pastures since the ratios of 
strontium-90 to calcium in them increased between 
1955 and 1957 in a manner comparable to the cumula- 
tive fall-out?. This has led to the suggestion that 
the high ratio of strontium-90 to calcium in such 
pastures is due to rapid absorption from soils low 
in calcium. Evidence already considered suggests 
that this is improbable ; a more cogent reason for 
rejecting this interpretation is that a major part of the 
strontium-90 in these areas is in the root mat, not in 
soil. The permanent unimproved hill pastures of the 
United Kingdom are characterized by a considerable 
development of root-mat which consists of organic 
matter, superficial roots, and the basal portions of 
stems in varying proportions. Between different 
habitats the depth and nature of the mat zone varies 
greatly; in some cases it is many centimetres in 
thickness. All such mat layers have one characteristic 
incommon : strontium-90 entrapped therein will not 
have equilibrated with the labile soil calcium. It may 
therefore be expected to be more accessible to plants 
than strontium-90 in the soil. To distinguish absorp- 
tion by this route from direct foliar uptake, and from 
absorption from the soil, the term ‘stem-base’ absorp- 
tion is proposed; it may be regarded as an inter- 
mediate condition between the other two mechanisms 
of entry. Grassland husbandry provides evidence 
of the magnitude of the ‘stem-base’ absorption ; 
fertilizers frequently have greater effect when applied 
superficially to establish grass than when added to 
soil. Since the stem-base ‘reservoir’ will not retain 
strontium-90 indefinitely, entry by this route will 
be dependent on the rate of fall-out rather than the 
cumulative total. With annual species it will be 
expected to be a function of the deposition during 
the growing seasons but with perennial pastures it 
will be a function of the deposition during the mean 
period for which strontium-90 remains in the stem- 
reservoir. Thus the apparent relationship 
between the content of strontium-90 in hill vegetation 
in the United Kingdom and the cumulative deposition 
during the period 1954-56 is suggestive that the mean 
life of strontium-90 in the stem-base reservoir in 
these areas is several years; the fact that in 1957 
Soil has been found to contain less than 40 per cent 
of the total strontium-90 per unit area of pasture in 
some hill areas supports this interpretation. 
Siem-base absorption is therefore considered to 
provide an explanation of the observed high levels of 
strontium-90 in hill pastures. This prompts inquiry 
as to whether the large component of the strontim-90 
in lowland pastures which is dependent on the annual 
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rate of fall-out is correctly attributed to foliar 
absorption or whether it is due to stem-base absorp- 
tion from a reservoir which in this case retains 
strontium-90 for a mean period of approximately one 
year. Several lines of evidence suggest that this may 
be so. Im one of the field experiments already 
referred to* an additional treatment was included 
in which strontium-89 was applied to established 
grass in its second year and the ratio of strontium-89 
to calcium in the new leaf tissue which developed 5-28 
weeks after contamination was nearly twice that in 
treatments in which strontium-89 had been applied 
to the surface of the land prior to the germination 
of grass; stem-base absorption would be expected 
to be much smaller in such a young sward than in 
established pastures with the greater mat develop- 
ment. 

The possibility that stem-base absorption may be 
large relative to direct foliar uptake is also encour- 
aged by the fact that when strontium-89 is applied 
as a spray to leaves, and allowed to dry, considerable 
losses can rapidly occur through leaching in rain”. 
Thus the quantity of strontium-90 which reaches the 
stem-base reservoir may well be very much greater 
than the fraction which remains on leaves. 

Surveys of world-wide fall-out in the United 
Kingdom indicate that the relationship between the 
ratio of strontium-90 to calcium in plants and the 
cumulative deposition varies by a factor in the order 
of 20 between hill and lowland pastures. The data’, 
however, show that the relationship between the 
strontium-90 content of grass per unit area of land 
and the total deposition is considerably more constant; 
there is no indication of a significant difference 
between hill and lowland areas. This encourages the 
view that the mechanism whereby strontium-90 
enters pasture plants may be relatively similar in all 
cases ; the only mechanism which appears compatible 
with results obtained in’ both hill and lowland pastures 
is stem-base absorption. None the less, no unequivocal 
evidence is available to show the relative magnitude 
of foliar and stem-base absorption except in hill 
pastures where the latter appears to be dominant. 


Future Relationship between the Rate of World- 
wide Fall-out and the Strontium-90 Content of 
Vegetation and Milk in the United Kingdom 


Despite uncertainty as to the relative importance 
of foliar and stem-base contamination in lowland 
pastures and in annual vegetable crops, it appears 
that the component of contamination of these crops 
which is dependent on the rate of fall-out (that is, 
aD, in equation 1) is a function of the annual 
deposition. No precise estimate of the proportionality 
function @ in equation | is at present possible, but an 
approximation can be made by dividing the difference 
between the values in columns 4 and 5 of Table 3 
by the annual rate of fall-out. The resultant estimates 
of a for milk, lowland pastures and vegetables are 
shown in Table 5. Values for the proportionality 
function, which is dependent on the cumulative 
deposition (6 in equation 1), can be derived directly 
from Table 2 for lowland pastures and for annual 
vegetables ; the appropriate value for milk can be 
obtained by dividing the value for lowland pastures 
by 0-14, which is taken as the discrimination factor 
between strontium and calcium in their passage from 
the diet of cattle to milk®; no allowance for uncon- 
taminated sources of calcium in the diet of cattle is 
here made, as was done in Table 3, since it is to be 
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Table 5. PROPORTIONALITY FACTORS FOR THE ESTIMATION OF LEVELS 
OF STRONTIUM-90 IN BIOLOGICAL MATERIAL BY EQUATION 1 


a, Dependent on rate of 
deposition 
(ape. Sr-90/gm. 
me./km.* per 
annum) 18 28 
6, on cumulative 
deposition 


(upc. Sr-90/gm. Ca per 
me. total deposition) 


Lowland 
pastures 


Factor Milk 


Annual 
vegetables 


0-16 1-1 11 


expected that in due course all the dietary calcium of 
cattle will be contaminated to a similar extent. 

In Table 6 the values of a and b shown in Table 5 
have been used for calculating the levels of contamina- 
tion in milk lowland pastures and edible vegetables 
which may result if world-wide fall-out continues at 
its present rate. Stewart et al.'* have concluded 
that a constant rate of fall-out will result in the 
cumulative deposition in the United Kingdom rising 
from the 1957 level of 7-5 mc./km.* to 38 me./km.? 
in 1967; an equilibrium value of approximately 
92 me./km.* would be attained in a hundred years 
time. Predicted levels of strontium-90 in milk and 
vegetation for these two occasions are shown in the 
table. It is estimated that at equilibrium, when 
cumulative fall-out has attained twelve times the 
present level, the contamination of milk and lowland 
pastures in the United Kingdom will have risen only 
three to four times; the corresponding value for 
annual vegetables, the contamination of which is 
more dependent on absorption from the soil, is seven. 

In view of the attention which has been directed 
to the present relatively high levels of strontium-90 
in hill pastures, it is of interest to consider the 
eventual levels which may be attained in them. 
The method of Table 6 cannot be used since the rate- 
dependent component (a7, in equation 1) cannot at 
present be assessed. The evidence, however, suggests 
that this component (that is, stem-base absorption) 
is greater relative to absorption from soil than in 
lowland pastures. Thus it is to be anticipated that 
the eventual values for hill pastures will exceed 
present levels by smaller factors. In any event, the 
situation in permanent hill pastures is of relatively 
small importance in determining the exposure of the 
population since they provide but a small fraction of 
dietary calcium. 

The very slender basis for the present predictions 
must be emphasized ; it may well be that in the 
early period the levels in permanent pastures will 
rise more rapidly than predicted because strontium-90 
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remains largely in the upper soil layers (Table 1), 
On the other sand the eventual level is likely to 
be reduced both because no allowance -has been 
made for the strontium-90 removed in crops and 
animal produce each year and because leaching and 
the removal of strontium-90 in surface-wash from 
sloping land may cause the cumulative level in the 
soil to fall significantly below the total cumulative 
deposition. Such losses of strontium-90 should in 
general be expected to be greatest in leached soils 
which are low in calcium ; thus with the passage of 
time the effect of soil calcium indicated in Table 3 
may be reduced. The regular application of lime 
would also reduce the effect of soil calcium. A 
further reason why the present calculations may over- 
estimate the eventual level of strontium-90 in plants 
is that, in the field experiments, the radioactive 
tracer was not as uniformly distributed in the soil 
as would occur after continued cultivation. 


Release of Strontium-90 in Accidents : Relationship 
between Deposition and the Contents of Plants 
and Milk 


The circumstances of an accidental release are likely 
to differ from world-wide fall-out in two respects. 
First, the deposition may be of relatively short 
duration ; secondly, whereas world-wide fall-out is 
carried down largely in rain’ the deposition resulting 
from accidents may consist of particles of considerable 
size. Since particles exceeding 40y are relatively little 
retained in vegetation!*, foliar uptake may vary 
greatly ; furthermore, the biological availability of 
the deposition may show similar variability. It is, 
therefore, impracticable to predict the magnitude of 
the proportionality factors a and 6 for equation 1. 
The maximum level in vegetation which grows in 
land cultivated after the deposition should, however, 
be given by equation 2; low biological availability 
may On occasions introduce a large protective factor. 


Comparison of the Rates of Entry of Strontium-90 
into Plants under Different Climatic and Agricultural 
Conditions 


From the foregoing it is apparent that the nature of 
vegetation can cause large differences in the relative 
magnitude of the components of plant contamination 
which are respectively dependent on the rate of 
deposition and on the cumulative deposition. If the 
component which is dependent on the rate of fall-out 
is large the current level of contamination would be 
expected to be relatively high, but with the passage of 
time it will not increase as rapidly as in areas where 


Table 6. PREDICTION OF FUTURE CONTAMINATION OF MILK, LOWLAND PASTURES AND a VEGETABLES WITH STRONTIUM-90 ASSUMING 
THAT FALL-OUT CONTINUES AT ITS PRESENT RATE 


Material Year Cumulative deposition 


uuc. Sr-90/gm. Ca in biological material 


+a dent ta dant 


total 


me./km.* relative to 
1957 


(4) 


~ 


(1) (2) 


Comp Pp 
on rate of deposition 
(aDp in — 1) 
( 


Total | “Ratio: 1957 value 


(7) (8) 


Comp Pp 
on cumulative total 
(bDr 1) 


5 


Milk 1967 
12 


2057 
(equilibrium) 
1967 
2057 
(equilibrium) 
1967 

2057 
(equilibrium) | 


Lowland 
pasture 


5 


Annual 
12 


vegetables 


82 


4-1 6 
4-1 14°5 19 


40 42 
40 


10 2 
4 


84 
101 140 


42 50 
101 108 


in Table 5 ; 


Columns 3 and 4 from Stewart et al. (ref. 15); column 5 calculated by oe annual rate of fall-out (ref. 15) by values of (a) shown 
6 calculated by multiplying column 3 by values of factor (b) in Table 5 
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contamination is primarily dependent on the cumula- from the ground surface into human diet will be 


tive deposition. influenced mainly by the importance of milk produce 
mn It is of interest to compare the relationships between _in the diet and by the calcium content of soil. It now 
id the cumulative deposition and the strontium-90 appears that this analysis is inadequate ; variations 
id content in milk for Somerset and New York in the in the growth forms of both roots and shoots may 
uA past four years (Table 4). In the United Kingdom cause considerable differences in the relationship 
- the levels in milk have risen to only a small extent, between plant content and both the rate of fall-out 
“. although the cumulative deposition has been more and the cumulative total. The results of field surveys, 
+ than doubled ; in New York, however, the cumulative conducted for at most a few years, appear wholly 
Is deposition and the levels in milk have both risen inadequate for elucidating these complex relation- 
of similarly. Moreover, the ratio of the level in milk to ships. If longterm predictions are to deserve 
3 the cumulative deposition on Somerset (Table 4, credence, careful experimental work is necessary. 
4 col. 3) is considerably above the relatively constant 
A United States value ; the over-all rate of transfer of 1 Bryant, F. J., Chamberlain, A. C., Morgan, A., and Spicer, G. S., 
ni strontium-90 to milk is, therefore, considerably tone Energy Research’ Establishment, Harwell, HP/R 2353 
ms greater. This is perhaps attributable in part, at any + Bryant, F. J., Chamberlain, A. C., Spicer, G. S.,and Webb, M. 8. W., 
: rate, to the conditions of United Kingdom pastures Brit. Med. J., 1371 (1958). 
from one region to another. This danger is likely to be 
Ip particularly great when the manner of growth of  * Rediske, J. H.,and Selders, A. A., Plant Physiol. , 28, 594 (1953). 
ts crops contrasts markedly. It might be expected that 7 Russell, R. S., and Squire, H. M., J. Exp. Bot., 9, 262 (1958). 
the component of plant content which is dependent 2 ~~ Gin Flocker, W. J., University of Arizona Tech. Bull.» 
ly on the rate of fall-out will be particularly great in» line, J. F., and Hungate, F. P., U.S. Atomic Energy Commission 
8. plants growing in soil submerged in water, particularly 
rt if ions can be absorbed largely from the water as “Conf. Peaceful Uses of (Geneva 1988). 
is opposed to the soil; this could be regarded as an 1 Risenbud, M., “The Nature of Radioactive Fall-Out and its effect® ’ 
g extreme case of stem-base absorption. A report on Man”. U.S. Congress Rep., Part I,554(1957), 
ne that the total radioactivity of the bog moss Sphagnum ™ See ieee Overstreet, R., and Babcock, K. L., Hilgardia, 27, 
le in the United Kingdom has increased to a considerably —_ 1s Tajima, E., Science (in the press). Quoted in Rep. U.N. Sci. Com- 
ry greater extent than that of land plants’ is compatible mittee on Effects of Atomic Radiation (New York, 1958). 
of with this view. Rice grown in flooded paddy fields _** Williams, R. (private communication, 1958). 
s, would seem to provide the opportunity for an wescarch Ustablishment, Harwell, H1P/R 2364 
of analogous large component dependent on the rate of (1957) and private communication (1958). 
1. contamination. Relatively high levels of contamina- _** Newbould, P. (private communication, 1958). 
= tion in rice have been reported, but the evidence does" Middleton, L. J., Nature, 181, 1800, and private communication 
r, not enable the mechanism of contamination to be Nishita, H., and Larson, K. H., U.S. Atomic Energy Commission 
itherto it has usually been consi that 
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al 
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mental research. At the early age of twenty-five he 
“a Prof. Piliner, was awarded the London D.Sc. and later received 
a Pror. SAMUEL Rostineton Mitner died at the honorary doctorates from both Bristol and Sheffield. 
vs home of his son in Sydney, New South Wales, on A beautiful and ingenious experimenter, it was a 
of August 12, at the age of eighty-three. For sometime delight to watch his careful construction and manipu- 
= his health had not been good, but he continued work- lation of apparatus. Students will always remember 
ing to the end. An understanding friend has written his lectures, which were models of lucidity and 
of him: “In the entirely selfless absorption in science copiously illustrated by demonstrations, many of his 
for truth’s sake there cannot have been at any time own devising. 
= many equals of 8. R. Milner’’. His colleagues and others had a tremendous admira- 
He attended King Edward VI School, Retford, and tion for his encyclopedic knowledge of physics ; 
cE: the Universities of Bristol and Géttingen, under but it was his theoretical work on solutions, and later 
Chattock and Nernst. After one year on Schuster’s on.electromagnetism, which brought him his greatest 
staff in Manchester he worked in Sheffield asa lecturer distinction. Considering first the effect of the depar- 
- with Hicks from 1900 until 1917, as acting professor ture from the ideal gas laws of the ions in solutions 
until 1921 and as professor until his retirement in (1900), he developed his ideas in further papers 
1940. During the First World War he enlisted in the and laid the foundations of the modern theory of 
R.A.M.C. as radiographer to the Third Northern electrolytes (1912-1918) in papers on “The Virial 
General Hospital, designing and building the of a Mixture of Ions” and “The Effect of Interionic 
necessary apparatus and training men for other Forces in Electrolytes”. For this work he was 
hospitals. elected to fellowship of the Royal Society in 1922. 
| In spite of a heavy burden of teaching in an under- Though these papers were necessarily mathematical, 
wn staffed Department, Milner fulfilled his early promise he kept the physical basis in the foreground, and this 


by a fruitful output of both theoretical and experi- 


was true also of his later approach to electromagnetic 


, 
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theory. He examined first the motion of, and 
stresses in, tubes of force and built up an analysis 
of the field into moving elements before his thought 
matured into more mathematical expression of the 
‘action’ of an electromagnetic field, on which his later 


work was based. He found tools for the development ° 


of his ideas in Eddington’s ‘Z-number’ calculus, which 
he reduced to order, obtaining thereby a new insight 
into the roots of relativity. Thus he was enabled to 
formulate for the first time a self-consistent classical 
theory of electromagnetism. At the time of his 
death he was engaged in the preparation for publica- 
tion of further papers in which this theory is 
expounded. 

Milner was the most lovable of men. His outstand- 
ing characteristic was his capacity for inspiring 
affection. He was the friend of all because he was so 
willing to be friendly and helpful in a rather shy and 
retiring way. His genuine interest in the welfare and 


careers of his students was recognized and appreciated 


by them. Together with his colleagues and many 
others, they had for him a very deep affection. He 
is survived by his wife, also a physicist from the 
University of Bristol, and son, who is professor of 
physics in the New South Wales University of 
Technology, Sydney. J. R. CLarKE 


The Danish Atomic Energy Commission 


THe main task of the Danish Atomic Energy 
Commission, which was constituted on December 21, 
1955, and which meets regularly once a month under 
the chairmanship of Prof. Niels Bohr, is the planning 
and construction of Risé, its research establishment, 
situated on a 650-acre site four miles north of Roskilde, 
a town of 30,000 inhabitants, and twenty miles west 
of Copenhagen. Through the co-operation of the 
United States of America and the United Kingdom 
the establishment will eventually have the facilities 
of three research reactors. DRI (Danish reactor 
No. 1) is a low-energy, homogeneous reactor, particu- 
larly suitable for educational purposes and physical 
experiments. It was purchased in the United States 
in July 1956, together with DR2, which is a light- 
water-moderated heterogeneous tank-type research 
reactor with facilities for neutron exposure experi- 
ments and isotope production. DR3, purchased in 
the United Kingdom in June 1957, is a heavy-water- 
moderated high-flux reactor of the PLUTO-type as 
constructed for Harwell and Dounreay. Work on 
DR1 was completed on August 15, 1957, and DR2 
and DR3 are expected to become operational during 
1958 and 1959, respectively. Details of the layout 
of the establishment and of the components of the 
reactors, together with illustrations of the various 
ancillary buildings, are given in an attractive brochure 
which has recently been issued by the Commission 
(Risé6 : The Research Establishment of the Danish 
Atomic Energy Commission. Pp. 20. Copenhagen 
K: Danish Atomic Energy Commission, 1958). The 
staff of the Scientific and Technical Department on 
April 1, 1958, totalled 143, distributed among the 
six groups of the Department—reactor engineering, 
physics, chemistry, electronics, health physics and 
agricultural research. In addition, fifty-one people 
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Mr. S. E. Fox 


Mr. Seaton E. Fox, who was sixty-five, died in a 
London hospital on August 27 after a short illness, 
He was a graduate of the University of Cambridge 
and in 1932, after working for several years in the 
explosive and petroleum industries, he became 
assistant secretary and technical editor to the 
Technical Section of the Paper Makers’ Association, 
and in 1944 he was appointed librarian, information 
officer and editor to the British Leather Manufac- 
turers’ Research Association, a post he occupied 
until his death. 

During his fifteen years work for the Association, 
Mr. Fox organized its publications on a sound basis 
and brought them to a high technical and editorial 
standard. He began the abstracting system which 
has proved so useful to members of the British Leather 
Manufacturers’ Research Association: his index of 
publications on collagen is valued not only by his 
colleagues and others in the leather industry but also 
by scientists engaged elsewhere in pure research on 
that subject. His work was highly respected by 
librarians and editors in other research associations, 
and his death is greatly regretted by them and by his 
many friends and acquaintances in the leather 
industry. 


were employed in the administrative office and the 
various service departments at Risé and thirty in the 
secretariat of the Commission at its headquarters in 


Copenhagen. 


Seventy-fifth Anniversary of L’Ecole Supérieure, 
Paris 


To commemorate the seventy-fifth anniversary of 
the foundation of L’Ecole Supérieure de Physique et 
Chimie Industrielle in Paris in 1882 the student 
association has recently issued a most attractive 
and interesting illustrated volume containing twenty- 
four articles dealing with chemical and _ physical 
topics (Association des Eléves de l’Ecole Supérieure 
de Physique et Chimie Industrielles de la Ville de Paris. 
Physique et Chimie. Ouvrage édité & l’Occasion du 
75¢ Anniversaire de leur Ecole. Pp. 272. Paris, 1959). 
In the first two articles, Prof. R. Lucas, the director 
of L’Ecole Supérieure, and Prof. L. de Broglie pay 
tribute, respectively, to the founders and to the many 
famous past pupils of the institution, and one of these 
pupils, Paul Langevin, is also the subject of a separate 
article by Prof. M. Tournier. The articles by the late 
Prof. F. Joliot on energy and its utilization, Prof. G. 
Destriau on the phenomena of luminescence, and 
Prof. J. J. Trillat on electron diffraction, will perhaps 
be of greatest interest to the physicist ; and to the 
chemist, the articles describing the French chemical 
industry, polyamide textiles, quantum chemistry, 
and plastics. There are in addition articles dealing 
with optical methods for the study of the flow of 
liquids ; the optics of high-frequency aerials ; and the 
visibility of submerged objects. In the final article 
in the volume Prof. D. Gabor gives a detailed and 
clear description of his flat colour-television tube which 
has aroused so much interest both in Britain and 
overseas. 
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University College of the West Indies 


Ir is widely recognized that a degree course in 
agriculture should be available in the West Indies, 
and for some time the Council of the University 
College of the West Indies and the Governing Body of 
the Imperial College of Tropical Agriculture have 
considered how to provide it. The Governing Body 
of the Imperial College of Tropical Agriculture has 
recently proposed that the Imperial College should 
merge its identity in the University College of the 
West Indies and become its School of Agriculture. 
The Council of the University College has welcomed 
the proposal and is discussing means of giving effect 
to it in the near future. The degree course would 
replace the present course for the diploma of the 
Imperial College of Tropical Agriculture, but the other 
activities of the Imperial College, including its post- 
graduate teaching and research, would be continued 
in Trinidad under the auspices of the University 
College. At the request of the two Colleges the 
Secretary of State for the Colonies has agreed to the 
secondment of Sir Stephen Luke from the Colonial 
Office to assist them in the preparation of a scheme. 


Professional Civil Servants 


In an article on “The Role of the Professional Civil 
Servant” reprinted from Scientific Service in State 
Service of August, Sir Graham Sutton expresses the 
view that in the future it will be increasingly neces- 
sary for professional Civil servants to participate in 
administrative functions: the management of a 
research group or of any part of a Ministry concerned 
with scientific and technical matters should be largely 
in the hands of men with professional knowledge. 
Sir Graham regards the making of decisions on the 
basis that he who is completely ignorant cannot be 
biased is a most dangerous feature of to-day and 
agrees, on the other hand, that the whole basis of 
scientific training makes it extremely difficult for the 
scientist or engineer to go against the weight of 
evidence. According:y, he suggests, a main problem 
facing professional Civil servants is how to ensure 
that an adequate knowledge of administration and 
management is passed on to the young professional 
man in his formative years. He believes that in any 
well-balanced government service of the future the 
fundamental position of the technically trained man 
must be recognized and that he should be given some 
training officially in administration. The professional 
Civil servant must endeavour to carry on the tradition 
of integrity, freedom from corruption and life-time 
devotion to duty irrespective of financial reward which 
had marked the Civil Service, but from the point of 
view that he is no longer an adviser, but likely to 
be the man who will actually make decisions because 
he alone is able to understand the scientific principles 
involved. 


Business Schools 


In an article, “The American Business School”’, in 
the Westminster Bank Review of May last, Mr. O. 8S. 
Hiner describes briefly these institutions and their 
close relations with industry and with commerce, on 
which their effective operation depends. First d 
in commerce and business rose from 1,559 in 1920 to 
a peak of 72,137 in 1950 and were more than 40,000 
in 1955. The expansion has been due partly to the 
readiness of the universities to recognize and 
meet a need, though the provision made has not 
always been commensurate with their facilities and 


vo.4e39 September 27, 1958 NATURE 841 


available teaching staff. The American Association 
of Collegiate Schools of Business was formed to 
promote and raise standards, and 90 out of about 
170 undergraduate and graduate schools are members. 
In the belief that decisions in business require 
increasingly managers with a wide, balanced out- 
look, the business schools are offering courses intended 
to produce the ‘general’ man rather than the 
specialist, and they claim that their task is primarily 
to help provide, not departmental heads, but general 
managers of the future. Besides consulting work by 
the staff, business schools often undertake research 
at the request of industry, and there is also a strong 
demand for development programmes intended to 
prepare men who have attained senior positions as 
specialists to undertake more general managerial 
responsibility. Mr. Hiner suggests that these schools 
constitute a vital element in the range of educational 
possibilities and that such institutes in Britain could 
fill a gap in our existing educational arrangements 
to produce the managers we need. 


Water Pollution 

THe Department of Scientific and Industrial 
Research is issuing a quarterly series of leaflets dealing 
with different aspects of water pollution and its 
control, one object of which is to direct the attention 
of industry to the work of the Water Pollution 
Research Laboratory, the scope of which is being 
extended with the help of a considerable financial 
contribution from the Federation of British Industries. 
The first of these leaflets (Notes on Water Pollution 
Research, No. 1, June 1958. Pp. 3. (Stevenage, Herts : 
Water Pollution Research Laboratory, D.S.I.R., 
1958) ) deals with the effect of organic discharge on 
the level of oxygen in a stream. It points out that 
information is particularly required on the rate at 
which rivers of different depths will absorb oxygen 
from the air and states that particular attention is 
to be given to the study of this property of rivers 
in the future programme of the Laboratory. 


Animal Behaviour 


THE renewal of interest in the scientific study of 
animal behaviour, now generally known as ethology, 
which is one of the more remarkable features of the 
development of zoology in the past twenty-five years, 
has been marred by a lack of communication between 
the different schools of thought and between workers 
in different countries. This has given rise to a good 
many misunderstandings and needless arguments. 
In particular, the European school of behaviour 
students, who are mainly interested in the analysis 
of the more stereotyped kinds of benaviour of groups 
such as insects, birds and fish, were —partly as a result 
of the War—almost completely out of touch with the 
work of comparative psychologists (the ‘rat psycholo- 
nerd in the United States. These barriers have 
ortunately been falling rapidly in the past few years 
and there is now much less provincialism of outlook 
than there was. A welcome further step in the process 
of bringing two of these groups together is the meta- 
morphosis of The British Journal of Animal Behaviour 
into a new journal to be entitled Animal Behaviour. 
This is the result of a liaison now established between 
the British members of the Association for the Study 
of Animal Behaviour, which was instituted in 1936 
and published the original journal as the Bulletin of 
Animal Behaviour in 1938, and their American 
colleagues. This has resulted in a much enlarged 
journal, which is certainly necessary to cope with the 
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great increase in papers in this subject, and will 
enable the editorial staff, which now includes Ameri- 
can as well as British members, to accept additional 
American contributions without reducing the publica- 
tion facilities which were available to the original 
members of the Association. It should also result 
in a greatly increased circulation. It is obvious from 
a perusal of the first volume of the new journal 
(which fortunately has not commenced re-numbering 
its volumes but is issued as Vol. 6, Nos. 1 and 2. 
Pp. 126+4 plates. Published twice yearly. Annual 
subscription 50s.; United States and Canada 8 
dollars. London: Bailliére, Tindall and Cox, Ltd., 
1958) that it is the intention of the editors to maintain 
the existing high standard. The new venture should 
be warmly welcomed and given every encouragement. 


Courses in Higher Technology 

Txe London and Home Counties Regional Advisory 
Council for Higher Technological Education has pro- 
duced a bulletin (Bulletin of Special Courses in Higher 
Technology, including Management Studies and 
Commerce, 1958-9, Part 1: Autumn Term. Pp. 122. 
(London: London and Home Counties Regional 
Advisory Council for Higher Technological Educa- 
tion, 1958.) 3s.) giving details of special advanced 
courses held in the London and Home Counties region 
which do not regularly appear in college calendars or 
prospectuses as part of a grouped course or as subjects 
offered for endorsement on Higher National Cer- 
tificates. They are, as a rule, part-time (usually 
evening) courses, but full-time courses which are 
specially arranged and are not of longer than three 
months duration are also included. Sessional evening 
postgraduate courses leading to higher degrees in 
science (including mathematics) and engineering are 
not included in the Bulletin. Among the courses are 
macromolecular chemistry and structural design in 
aluminium at Battersea College of Technology ; 
physical methods of assessing flour quality and pulse 
techniques at the Borough Polytechnic; applied 
ultrasonics at Brunel College of Technology ; taxation 
case law at the City of London College ; technical 
Russian at the Ewell County Technical College ; and 
bacteriology for public health engineers at the 
Imperial College of Science and Technology. 


The Night Sky in October 

NEw moon occurs on Oct. 12d. 20h. 52m. v.t., and 
full moon on Oct. 27d. 15h. 4lm. The following 
conjunctions with the Moon take place; Oct. 2d. 
18h., Mars 2° N.; Oct. 17d. Olh., Saturn 3° S.; 
Oct. 29d. 19h., Mars 3° N. There will be a total 
eclipse of the Sun on October 12, invisible at Green- 
wich. Mercury is too close to the Sun for observa- 
tion. Venus is a morning star, but is now unfavour- 
ably placed for observation. Mars rises at 19h. 40m., 
18h. 45m. and 17h. 25m. at the beginning, middle and 
end of the month, respectively ; it is visible through- 
out the night. Its stellar magnitude increases during 
the month from — 1-1 to — 1-8, its distance from the 
Earth decreasing from 56 to 46 million miles. Mars 
moves eastwards until October 9, when it reaches a 
stationary point. It is then between the Pleiades 
and the Hyades. After October 9, Mars begins to 
ret e but it remains in Taurus throughout the 
menth. Jupiter is too close to the Sun for observation. 
Saturn sets at 20h. 35m., 19h. 45m. and 18h. 50m. 
at the beginning, middle and end of the month, 
respectively ; the planet may be visible for a short 
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time low in the south-west after sunset, but conditions 
for observation are not favourable. Occultations of 
stars brighter than magnitude 6 are as follows, 
observations being made at Greenwich: Oct. 3d. 
03h. 16-6m., 3 Tau. (D); Oct. 3d. 03h. 59-6m., 
8 Tau. (R); Oct. 3d. 05h. 00-8m., 64 Tau. (R); 
Oct. 8d. 03h. 15-1m., A* Cne. (R). D and R refer to 
disappearance and reappearance, respectively. The 
Orionid meteors are active during the third week of 
the month, conditions being moderately favourable ; 
the radiant is near R.A. 6h. 24m., Dec. + 15°. 


Announcements 


Dr. Henry 8. OpBert has been appointed pro- 
gramme director for psychobiology, Division of Bio- 
logical and Medical Sciences, U.S. National Science 
Foundation. Dr. Odbert was formerly chief of the 
Occupational Analysis Branch of the Personnel 
Laboratory of the Wright Air Development Center, 
Lackland Air Force Base, Texas. 


Dr. B. Croyaper has resigned from the post of 
principal scientific officer in the Department of 
Experimental Pathology at the Agricultural Research 
Council Institute of Animal Physiology at Babraham, 
Cambridge, and has been appointed head of the Sub- 
division of Immunochemistry in the Ontario Cancer 
Institute and associate professor in the Department 
of Medical Biophysics of the University of Toronto 
(500 Sherbourne Street, Toronto 5). 


Tue International Trust for Zoological Nomen- 
clature announces that it has accepted with regret 
the resignation of Mr. Francis Hemming as a member 
of the Trust and as managing director and secretary. 
Lt.-Col. F. J. Griffin, who is an original member of 
the Trust, has been appointed ing director and 
secretary. Mr. R. V. Melville, who has been acting 
assistant manager, has been appointed scientific con- 
troller, with responsibility for the scientific and 
editorial work hitherto carried out by Mr. Hemming. 


A symposium on “Batteries’’ will be held at the 
Signals Research and Development Establishment, 
Christchurch, Hants, during October 21-23. Further 
information can be obtained from the Organizer, 
Battery Symposium, at the above address. 


THE second Technical Convention of the Indian 
Institution of Telecommunication Engineers will be 
held in New Delhi on December 27 and 28, when 
papers will be read on the following subjects: 
antenna and wave propagation, broadcasting in 
India, tropicalization of communication equipment, 
semiconductors, telephone communication in India, 
navigational aids, atmospheric and radio noise. 
Papers intended for presentation at the Convention 
should preferably deal with original investigations or 
describe developmental work embodying novel 
features. The last date for the receipt of abstracts of 
proposed papers is October 15. Further details may 
be obtained from the Honorary Secretary, Institution 
of Telecommunication Engineers, Post Box No. 481, 
New Delhi. 


Erratum. In the communication entitled “‘Disso- 
ciation of Serological Complexes of Ovalbumin and 
Hemoglobin using Aqueous Carbon Dioxide”, by 
Dr. B. T. Tozer, K. A. Cammack and Dr. H. Smith, 
published in Nature of September 6, p. 669, column 2, 
line 6 should read “confirmed by measurements of 
light absorption at 410 my”’, and not “confirmed by 
measurements of light at 410 my” as printed. 
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CONFERENCE ON 


HE eighth Plant Breeders’ Conference was held 

at the Welsh Plant Breeding Station, Aberyst- 
wyth, on July 2 and 3. Participants included 
representatives of nine research stations in the 
United Kingdom together with representatives of 
universities and other institutions at home and 
abroad. 

Members of the Welsh Plant Breeding Station and 
also Mr. J. L. Fyfe of the Plant Breeding Institute, 
Cambridge, opened discussions on problems relating 
to the breeding and assessment of grasses,  clovers, 
cereals and field beans. 

Mr. Elfed J. Lewis described an experiment 
designed to assess, by means of a diallel cross, the 
potential breeding value of plants selected from an 
outbreeding species (perennial rye-grass). The data 
were analysed to determine the usefulness of the 
diallel technique as a rapid means of obtaining the 
information required. 

It was found that increase in hay and aftermath 
production showed high average dominance, uncom- 
plicated by non-allelic interaction, indicating that 
there was no specific combining ability among the 
plants involved. This implies that improvement 
could be achieved by the accumulation of favourable 
dominant alleles, and this is borne out by the fact 
that the plants from the improved strains show a 
relatively higher degree of homozygosity for the 
dominant genes giving favourable expression. 

During the discussion it was emphasized that the 
high degree of homozygosity shown in plants from 
certain of the bred strains did not necessarily mean 
that these plants were homozygous for all genes, but 
rather for those genes by which the plants involved 
differed, and that the information derived was heavily 
weighted with regard to the degree of dominance 
exhibited. 

The genetics of production characters in rye-grass 
were dealt with by Dr. J. P. Cooper, who stressed 
the importance of three parameters: the amount of 
genetic variation available, its accuracy of measure- 
ment and its heritability. Estimates of these para- 
meters had been obtained for several agronomic 
characters in local and bred strains of rye-grass. 

Heading behaviour had been subjected to the most 
detailed study; the data for replicated clones 
showed little variation between blocks within one 
year, and high repeatability between years. Herit- 
ability was also high and most of the genetic variation 
is additive, but all plants were heterozygous for genes 
controlling date of heading, and a small group of 
plants of similar phenotype could carry much poten- 
tial genetic variation. 

Pilot studies indicate that length of leaf and rate 
of leaf appearance were highly heritable, but this was 
less marked for the rate of tillering. Italian rye-grass 
and both Irish and $23 perennial rye-grass contain 
appreciable additive genetic variation for these 
components, and response to selection should thus 
be possible. Most plants are highly heterozygous 
for genes controlling these vegetative characters. 

Dr. Keith Jones dealt with the cytological basis 
for interspecific hybridization in cocksfoot breeding. 
A classification has been made of a wide range of 
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material into diploids (2n = 14) and _ tetraploids 
(2n = 28) and the extent of aneuploidy was determ- 
ined. No appreciable chromosomal differentiation 
was found between diploids and tetraploids or 
between different tetraploids. It now seems quite 
possible to combine genes from diploids and tetra- 
ploids, for when triploids were crossed with either 
diploids or tetraploids the most common progeny 
types had the same chromosome number as the male 
parent, and chromosome pairing in them was complete 
and stable. 

Dr. M. Borrill showed that the diploid subspecies 
had a restricted geographical distribution and that 
they intercrossed freely and produced fertile hybrids. 
Similarly the geographical races of tetraploids had 
produced fertile hybrids. As the extensive genic 
differentiation had not reduced hybrid fertility, any 
potentially useful genetic type could be utilized by 
the breeder ; for example, a diploid from Portugal 
and some Mediterranean races which have winter 
green growth and desirable foliar characteristics. 

Mr. W. Ellis Davies read a paper on the number 
of plants required as the basis of a strain of red 
clover. Sixteen experimental strains had been 
produced from a population of Montgomery red 
clover ; they were based on 3, 6 or 12 plants taken 
at random, with a control based on 200 plants. The 
control strain gave a similar yield from the second 
to the fifth generation ; the other strains showed an 
average decrease in yield of green matter, but this 
was due largely to the strains based on three plants. 
One of the latter strains yielded 50 per cent above 
control in the second generation but it showed a 
rapid decrease thereafter. When the number of 
plants in the base of the strain is increased the mean 
yield approximates the control. On the other hand, 
evidence was produced showing that improvement 
could be effected by restricting the base to a limited 
number of superior plants. 

Mr. J. L. Fyfe spoke on the evaluation of inbred 
lines of lucerne ; his data on single crosses between 
second inbreds showed that reciprocal differences 
were negligible and that contributions made by 
specific combining ability are usually not statistically 
significant ; inferior lines could be eliminated by 
tests of general combining ability. A linear relation 
appears to exist between yield and inbreeding coeffi- 
cient, which should be considered in comparing 
single-cross or test-cross with double-cross perform- 
ance. 

The use of polyploidy and species hybridization in 
the breeding of forage legumes was discussed by 
Dr. Alice M. Evans. Her results showed that induced 
polyploidy in Trifolium pratense, T. repens and 
Medicago sativa could produce higher yields and that 
reduced fertility could largely be restored by con- 
tinued selection. By using some of the newer 
techniques, a few species of Trifolium were found 
capable of inter-hybridization and thus the introduc- 
tion of new genes into these species had become 
possible. 

Mr. LI. Iorwerth Jones presented data to show that 
the height of cutting when sampling herbage plants 
with different habits of growth affected the assess- 
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ment of their yield and that the management prac- 
tised affected the subsequent production of the swards 
based on different strains of a species. It was 
impossible to obtain one assessment figure to express 
the value of a strain relative to another when tested 
under different conditions; trials involving grazing 
had given different results from those based on cutting. 

An outline of the problems of introducing new 
variability into cultivated oats through 6 x amphi- 
diploids and the induction of mutations was given 
by Dr. D. J. Griffiths. With the view of introducing 
genetic factors such as disease resistance into cul- 
tivated hexaploid varieties, experimental 6 x amphi- 
diploids had been produced through crossing tetra- 
ploid with diploid species followed by colchicine 
treatment. Representative plants from A, and A, 
generations of 6 x amphidiploids developed from A. 
barbata x A. strigosa subsp. hirtula had been crossed 
with natural hexaploid species as well as with other 
amphidiploids. The data produced on disease 
reactions, fertility and morphological characteristics 
of the F, generations were discussed in relation to 
practical breeding. 

In his paper on problems of selecting for yield in 
oats Mr. J. D. Hayes indicated that improvements 
had been achieved by concentrating on major factors 
limiting yields such as straw length and disease 
reaction. Further improvement must, however, be 
based on increase in yield of grain, and tests capable 
of detecting differences of 10 per cent or less are 
required. A large number of replications were 
required at present to achieve this precision, but the 
error variance could be reduced in various ways. 
Some problems associated with early generation 
testing were raised; it was suggested that the area 
of land used for this test should be greatly in- 
creased 


Dr. D. G. Rowlands had found that Vicia faba 
showed cytological irregularities of a type normally 
associated with the inbreeding of a naturally out- 
breeding species; this was confirmed by controlled 
pollination experiments. The existence of both 
cross- and self-sterility has been found ; inbreeding 
resulted in reduced pod and seed formation as well 
as in many sterile plants, but occasional plants 
produced pods and seeds satisfactorily. Although 
hybrid populations had shown consistent superiority 
over inbreds, long-term improvement of field beans 
must be sought through the development of self- 


HE main body of the. annual report (1956-57) 
of the Macaulay Institute for Soil Research, 
Aberdeen (pp. 66; from the Institute at Craigie- 
buckler, Aberdeen ; 1958), is devoted to the work of 
the Pedology Department. The soil survey of the 
country around Banff, Huntly and Turriff, Jedburgh 
and Morebattle, and Kilmarnock has been completed. 
The typical horizons of the seven major soil groups 
so far encountered are listed. (Full details will be 
found in the three appropriate memoirs published by 
the Soil Survey of Scotland.) Other sections of the 
Pedology Department contribute to the ecology of 
peat pollen analysis and Quaternary research, bog 
cultivation and reclamation, studies on Scottish soils, 
problems of phosphate fixation, rock weathering, the 
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fertile lines ; in the meantime improvement in yield 
may be possible by producing synthetic varieties. 

Informal discussions were continued during the 
afternoons at demonstrations of the work of the 
Station in the breeding grounds, greenhouses and 
laboratories of the new headquarters, Gogerddan, 
near Aberystwyth. 

Lolium multiflorum x Festuca arundinacea deriva- 
tives in which fertility had been restored by doubling 
the chromosome number were demonstrated. Several 
potential strains of grasses bred for the colder months 
when grass is normally scarce were shown as well as 
the wide range of diploid and tetraploid ecotypes of 
Dactylis. The work in cytology included investiga- 
tions of inter- and intra-specific relationships of 
grasses and cytological surveys of field populations. 
The laboratory techniques for uncovering genetic 
variation in Loliwm and Phlewm under controlled 
photoperiod and temperature were illustrated and 
also the application of this rapid technique for strain 
identification. The herbage legume breeding pro. 
gramme included the production of higher-yielding, 
late-flowering red clover, larger-leaved and more 
persistent types of white clover and lucerne for high 
rainfall areas. Studies on the inheritance of flower 
colour in lucerne and lucerne selections for tolerance 
to manganese deficiency were demonstrated. 

In the work on oats, emphasis was laid on improve- 
ment of yields for different levels of fertility, resistance 
to stem eelworm and mildew and the use of irradiation 
for improvement of winter varieties. The value of 
diallel crossing for barley and wheat breeding was 
under investigation. Improvement in yields and 
early ripening was sought in field beans. In the rape 
crop the chief aims were improvement in frost 
resistance and leafiness ; the effect of hybridization 
on plant vigour was shown. 

Studies of agronomic techniques for the assessment 
of herbage strains were seen and also agronomic 
studies of potential strains of grasses. The effects of 
management of grasses grown in wide drills and as 
clones on the subsequent seed crops were under 
investigation and also the effect of density on grass 
seed yields. Gibberellic acid was used in seed- 
production studies of late-flowering red _ clover. 
Routine laboratory determinations of fibre and 
nitrogen contents are made for the breeders and 
agronomists and investigations of soil nutrients are 
in progress. Gwitym 


application of differential thermal analysis to clay 
mineralogy, etc. 

The Department of Spectrochemistry has done 
collaborative work on trace elements in addition to 
the investigation of spectrochemical methods of 
analysis concerning flame, arc, spark and pulsed are 
emission. Differences in the infra-red absorption 
spectra of di- and tri-octahedral clay minerals as well 
as smaller differences between individual minerals in 
each group have been observed. Infra-red spectro- 
metry has also been applied to the identification of 
organic compounds in microbial metabolism. Modi- 
fication of absorption spectra are described due to the 
presence of bases in alcohols and sodium ions in potass- 
ium bromide in ultra-violet and infra-red spectrometry. 
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The work of the Biochemistry Department em- 
braces: the lignin derivatives, carbohydrates and 
amino-acids in soils and peats ; the metabolism of soil 
micro-organisms in relation to the biological synthesis 
of 6-O-acetyl-p-glucopyranose and acetyl-glucose, and 
the §8-oxidation of aliphatic hydrocarbons and 
herbicidal fatty acids ; and the determination of the 
organic acids, amino-acids and water-soluble carbo- 
hydrates in plants. A short note on special methods 
is also included. 

The Plant Physiology Department reports work on 
mineral balance principally (including major element 
interaction and the NO, : NH,’ effect). Respiration 
studies include the sensitivity of dwarf shoots of 
larch and cedar to potassium cyanide and the meta- 
bolism of disks of storage tissue. Measurements of 
the cation exchange capacity of roots under toxic 
levels of various metals are described. The influence 
of fission products fall-out on the extraneous radio- 


y England the study of agricultural history is in 
the main a discipline that forms part of the 
departments of economic history in our various 
universities. For the past five years it has also 
been stimulated by the founding of the Agricultural 
History Society. This Society was established by 
private enterprise, but as it numbers among its 
members many university personnel from all over 
the country, and indeed foreign countries, it has 
intimate relations with the academic institutions 
where the subject is being studied. 

It is of the greatest importance in Holland, where 
the progress of farming has been an example and a 
lesson to other European countries, England in 
particular. In 1939 a Studiekring voor de Geschie- 
denis van de Landbouw was privately organized as 
a Department of the Koninklijk Genootschap voor 
Landbouwwetenschap, with headquarters at Wagen- 
ingen. This Studiekring includes Belgian members 
as well as Dutch. It has published four volumes at 
intervals since its formation. 

Enthusiasm for the subject waxed after the War, 
and led to the establishment of the Nederlands 
Agronomisch-Historisch Instituut: Instituut voor 
Landbouwgeschiedenis at Groningen. This Institute 
is financed jointly by the Dutch Ministry of Agricul- 
ture, the Farmers’ Society, the Workers’ Unions and 
the State University of Groningen. It is part of the 
academic world, and is now directed by Dr. L. S. 
Meihuizen. Its main work is the preparation of an 
annual international bibliography of current books, 
articles and original documents, under the title 
“Historia Agriculturae”. The fourth volume of this 
publication was issued early in the current year. In 
addition to the bibliography, records and other 
important sources for Dutch agricultural history are 
printed in each volume. Besides this the Institute 
undertakes the supply of information regarding 
Sources to students and scholars both in the Nether- 
lands and in other countries. To facilitate this work 
the Institute has collected a considerable and growing 
library of international works and prepared an 
extensive documentation. When agricultural archives 
come to its notice the Institute arranges, when 
possible, for them to be deposited in the State 
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activity in samples of vegetation has also been 
examined. 

The Department of Soil Fertility has been mainly 
concerned with interrelated field, pot and laboratory 
work on crop responses (to the major nutrients, the 
trace elements and magnesium) of different crops 
grown on the major soil types, and the distribution, 
composition and stability of nucleic acids in the soil 
organic phosphorus. In addition to collaborative 
work on soil micro-organisms described earlier, the 
Microbiology Department has investigated the growth 
of thermophilic actinomycetes from composts and 
the demethoxylation of simple aromatic compounds 
by soil fungi and wood-rotting basidiomycetes. A 
preliminary report on the role of micro-organisms of 
the root region in the phosphate nutrition of plants 
is given. 

Brief accounts from the Forestry, Radioactivity 
and Statistics Sections are also included. 


Archive Library, where they are cared for by the 
Keeper of State Archives. 

In addition to the “Historia Agriculturae” other 
work currently being undertaken at the Institute is : 
(a) the collection of sixteenth- and seventeenth-cen- 
tury notices of orders issued by the local authorities 
for the regulation of farming and the marketing of 
produce; (6b) a bibliography covering the life and 
conditions of employment of the Dutch farm worker ; 
(c) a study of the economic history of the trade in 
farm produce in a polder in Zeeland in the nineteenth 
century. A hand-list of sources for Dutch students 
of agricultural history is in preparation. 

Last year the organization of agricultural history 
was strengthened by the establishment of a Depart- 
ment of Agricultural History at the Landbouwhoge- 
school at Wageningen under the direction of Prof. 
B. H. Slicher van Bath, formerly professor in the 
State University at Groningen. He will be respon- 
sible for a course in agricultural history for under- 
graduates, and is directing research in the social and 
economic history of farming in Holland. In this 
connexion he is editing a series of studies “Historische 
Sociografieén van het Platteland”, the first volume 
of which, “Een Samenleving onder Spanning: Ges- 
chiedenis van het Platteland in Overijssel’’, appeared 
last year over his own signature. He continues to 
act as secretary to the directing board of the 
Groningen Institute. 

A further activity of this Department will be 
the reorganization of the Agricultural Museum at 
Wageningen on modern museum lines and its expan- 
sion to make it the repository of a collection of early 
agricultural equipment, implements and tools, and 
form an adequate instrument for the preservation 
and study of such things. This work is being done 
by Dr. J. M. G. van der Poel, formerly director of the 
Groningen Institute, whose reputation is already 
known beyond the frontiers of Holland, and 
who has formulated an imposing plan for the 
future. 

Clearly the Dutch have recognized the importance 
of the study of agricultural history—both the acad- 
emic world, the government, and the industry itself. 

G. E. Fusser 
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ESEARCH into advertising has been much 
intensified in recent years, and it is timely to 
find that a paper on the subject has been read by 
Mr. J. Maitland at this year’s meeting of Section F 
(Economics) of the British Association. 

The problem studied may be very simply stated. 
It is to determine the relationship, if any, between 
the amount of advertising (concerning some article 
or service) and the response to it. It is supposed that 
the problem of defining measures of the ‘amount of 
advertising’ and the ‘response’ has been settled 
previously. Advertising is considered as an example 
of a stimulus; this stimulus is regarded as the 
input, and the response as the output. Thus we have 
an input-output situation of the type well known in 
experimental psychology, and this leads to a model 
based on a physiological analogy. Data were taken 
from five sets of advertising campaigns: (1) adver- 
tisement, by way of technical journal announcements 
and leaflets mailed to medical practitioners, of a 
vitamin product; (2) mailed leaflets based on the 
membership lists of learned societies and professional 
organizations; (3) service recruiting by means of 
newspaper advertisements, type 1; (4) as in (3), 
type 2; (5) radio equipment advertised in daily 
newspapers. The amount of advertising, A, was 
measured in terms of quantities such as the number 
of announcements or journal issues or leaflets dis- 
tributed, while the response, R, was measured in 
terms of the number of inquiries. 

In order to set up a model of the input—output 
system, three analogies were used—physiological, 
biological assay and physical. 

Physiological analogy. In this case a linear relation- 
ship between R and In A would be expected. By 
plotting the data referred to above such a relationship 
was reasonably suggested. The method of least 
squares was used in fitting the curve. The linear 
relationship, R = a «. A +b, where a and 6b are 
constants, suggested that: (1) there is a threshold 


URING the Second World War, Chalk River, 
Ontario, was selected by the Canadian Atomic 
Energy Project as the site for the major research 
reactor, NRX, which was to be a high-flux reactor 
fuelled with natural uranium metal, moderated with 
heavy water and cooled with natural water. The 
jow-energy heavy-water reactor, ZEEP, was first 
constructed on the site in 1945 and this served as 
a check on the design of NRX. In 1947, NRX 
began to operate with a heat output of 30 megawatts. 
A more powerful reactor, NRU, fuelled with natural 
uranium metal but both cooled and moderated 
with heavy water, was then constructed on the 
site, and this came into operation in 1957 at 200 
megawatts. Like NRX, NRU was designed to 
take advantage of the high neutron fiux produced 
for she production of plutonium and radioactive 
isotopes. for research purposes, but both reactors 
operate at low temperature and pressure, and in 
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value of advertising below which there is no appre- 
ciable response; (2) as the amount of advertising 
increases a state of saturation is reached in the sense 
that further advertising produces a negligible response. 

These results permit an estimation of the point 
at which the marginal gain becomes too small to 
justify increased advertising. 

An alternative formulation is in terms of the law 
of diminishing returns (see Zentler and Ryde, 
Management Science, 2, 337; 1956) and it is found 
that the response R may be related to the expenditure, 
x, on promotion by an equation of the form: 


R= 


where y = x/b and FR’ and 6 are constants. 

The analogy of biological assay. This is the model 
to use if one is interested in relative rather than 
absolute response. The numerical data available 
were analysed to determine the increase in the pro- 
portion of the population responding to a prescribed 
increase in the amount of advertising. 

Physical analogy. Here reference is made to the 
work of Vidale and Wolfe (Operations Research, 
5, 370; 1957), who introduced the concept of a 
saturation-level as the practical limit of sales that 
may be generated as promotional activity is increased 
in intensity. The mathematics of this case leads to 
an equation which implies an exponential rise of R 
to a maximum as advertising intensity is increased. 
Thus the analogy is that of the charging of an 
electrical condenser. 

The proportions of the population responding to 
varying degrees of stimulus are compared for the 
various methods used. There is little difference 
between the results obtained by the logarithmic law 
and by the probit analysis, although the former 
involves less computation. The simplest form of the 
theory of Zentler and Ryde is not very satisfactory, 
and a more complex form is inconvenient in com- 
parison with the other alternatives. 


neither is it possible to employ usefully the heat 
produced. 

An increasing proportion of the research and 
development work at Chalk River was, however, 
devoted from 1951 onwards to problems related to the 
provision of economic atomic power, and although 
direct progress was somewhat slowed down by the 
accident which occurred to the NRX reactor in 
December 1952, the successful reconstruction of 
the reactor and its power increase to 40 megawatts 
brought valuable confidence in the long-term main- 
tenance and the safety of heavy-water moderated 
reactors for power. The use of heavy water leads to 
good economy of neutrons and is one of the best 
long-term prospects for cheap nuclear power. The 
gas-cooled, graphite-moderated reactors in use in 
Great Britain required less development work and, 
therefore, were brought into operation sooner, but 
the price at which they produce electricity is for most 


H 
Ne 
4 


No. 4639 September 27,1958 NATURE 


places in Canada much too high to compete with other 
available sources of electricity. 

Early in 1954 a group, known as the Nuclear Power 
Branch, was set up in Chalk River to study the 
design of nuclear reactors for the economic production 
of power, and a demonstration reactor, known as 
NPD-2 and proposed by the Branch, is now under 
construction by the Canadian General Electric 
Company at Des Joachims on the Ottawa River and 
is expected to come into operation during 1961. In 
September 1955, after the decision had been taken to 
build NPD, the Branch began a study of a full-scale 
nuclear plant. The results of this study were described 
in a report in May 1957, but which was given only 
limited circulation. 

However, a booklet* based on the report, giving 
the background history of the Canadian project and 
describing in detail the plant designed by the Nuclear 
Power Branch, has been prepared by J. E. Woolston 
and has recently been issued. In the first two sections 
the possible demand for nuclear power in Canada and 
the general approach to the study including the cost 


* Atomic Energy of Canada Ltd. The Canadian Study for a Full- 
Scale Nuclear Power Plant. Pp. 64. (Chalk River, Ontario: Atomic 
Energy of Canada, Ltd., 1958.) 1.50 dollars. 
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target for a competitive nuclear power plant are 
discussed. The third section deals in detail with the 
proposed reactor, which has a thermal power of 794 
megawatts and a net electrical output of 200 mega- 
watts. Slugs of natural uranium oxide are used as 
fuel, and it is cooled and moderated by heavy water. 
The fuel is housed in horizontal pressure tubes 
through which the pressurized heavy-water coolant 
passes. There are 200-250 tubes mounted on a 
square-lattice with a pitch of one foot. A feature of 
the design is the high burn-up planned for the 
unenriched oxide, which is considered to be of greater 
economic advantage than the improvement of the 
steam conditions and the rather poor thermal 
efficiency of the plant. The final sections in the report 
deal with the range of studies carried out by 
the Branch and the alternative systems in- 
vestigated ; pertinent Chalk River experience ; 
and the estimate of cost of the nuclear plant 
and its operation. The names of the members of 
the staff of the Nuclear Power Branch who partici- 
pated in the studies leading to the proposed reactor 
are listed in one appendix, and in another complete 
data on the main components of the reactor are set 
out. 


RESEARCH IN ALBERTA 


HE thirty-eighth annual report of the Research 

Council of Alberta* records generally satisfactory 
progress in all projects during the calendar year 1957 
and also in the recruitment of staff of high calibre. 
A feature of the year was the development of the 
geological research and survey operations which led 
to the initiation of survey operations in the north-east 
corner of Alberta in the Precambrian Shield area. 
The expansion of the co-operative basic cloud physics 
research programme with particular reference to the 
problem of hail in Western Canada was also note- 
worthy. In the work on coal, evidence was obtained 
that the calorific value decreases considerably when 
coals were exposed to the air for prolonged periods, 
and the thermograms of several coal fractions and of 
three dated fossil woods were determined. In other 
differential thermal analysis studies it was observed 
that sulphur dioxide can modify extensively the 
course of the pyrolysis of coal. A study of the 
grindability of coal was completed, and considerable 
progress made in studies of fluidized coal carboniza- 
tion. 

A theoretical analysis of the flow of stratified water 
and oil in horizontal pipe-lines agreed well with 
experimental observations, and progress is reported in 
the catalytic desulphurization and oxidation with 
nitric acid of organic sulphur compounds. The study 
of detailed trace metal and component geochemistry 
of four major and several minor oilfields was com- 
pleted ; engineering studies continued on the high- 
temperature pyrolysis of natural gas and a process 
was developed for removing nitrogen from natural 
gas. An infiltration study on a river terrace south of 
Camrose indicated that certain surface water supplies 
in Alberta can be purified by this technique. Results 
obtained in studies on electrosomatic flow into clay 
soils provide a starting point for computing the power 


Council of Alberta. Thirty-eighth Annual Report, 1957. 
56. (Edmonton: Queen’s Printer, 1958.) 
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(Report No. 77.) Pp. 


requirements n to reduce the moisture content 
of soil by this method, and besides work on the 
strength, stability and compaction of a base cover 
material, the instability conditions in bridge abut- 
ments were investigated and the problem of frost 
action received continued attention. 
The biological cycles programme, which was 
brought to a virtual close by the death of Dr. W. 
Rowan, has indicated a rather dramatic increase in 
grouse and rabbit populations in many areas. Studies 
on the nutritive value of rape-seed oil indicate that 
fermenting and drying ground rape-seed prior to oil 
extraction remove two of the toxic factors and that 
the high temperatures used in extracting the oil may 
be partly responsible for the varying feeding value 
of commercial rape-seed oil meals. The adsorption 
areas of acetylene, ethylene and ethane on Charcoal 
No. 2222 have been measured, and it appears that 
the less ‘active’, finer-pored charcoal may be more 
valuable for certain dynamic separations of gases, as 
in chromatographic column, a technique which is 
proving of increasing value. A weather radar set 
has been installed at Penhold and used to follow 
the detailed courses of precipitating storms within 
100 miles, while the hail-reporting network now covers 
some 15,000 square miles in central Alberta. Lapse- 
time cloud photography was also expanded and the 
commercial hail-suppression programme operated 
over 400 square miles in the southern part of the hail 
project area. Ground-water conditions were sur- 
veyed in five districts and the answering of inquiries 
is an important part of the ground-water programme. 
The palzobotanical laboratory continued to be 
concerned chiefly with describing and cataloguing 
the Edmonton Paskapoo fossil floras in central 
Alberta, and microslides have now been made 
of all the species of modern conifer woods 
in the type collection. A list of publications is 


appended. 
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THE ONTARIO RESEARCH FOUNDATION 


HE report of the Ontario Research Foundation 

for 1957*, which includes a list of papers pub- 
lished during the year, records a slight excess of 
income over expenditure—33,958 dollars over an 
expenditure of 1,248,421 dollars, but the Director in 
his introductory report refers to the curtailment of 
basic research because the sum available has remained 
stationary over the past ten years. Additional 
support has now been requested from the Ontario 
Government. 

In biochemistry, work on the development of 
tanning materials from waste sulphite liquor has 
shown that sole leather can be tanned with a phenol 
condensate in pilot-scale experiments, and large-scale 
commercial trials are necessary to determine the 
economics of the process. By impregnating sole 
leather with mixtures of synthetic resins and plasti- 
cizers its rating on an abrasion test machine was 
increased by 200 per cent, but the result was not 
confirmed in wear tests on shoes. An edible spread 
from Canadian edible oils which could be spread at 
—10° F. and did not ‘oil off’ at 100° F. was very 
satisfactory on pilot plant tests, and very encouraging 
techniques have been developed for separating amino- 
acids from commercial protein hydrolysates. 

Encouraging growth in sponsored research is 
reported in the Chemistry Department, and three new 
fellowships were initiated in the Wood Chemistry 
Section. Studies of the isopropyl alcohol extract of 
waste sulphite liquor and the residual aqueous fraction 
yielded a new tanning material, and a phenolated high- 
molecular weight lignin fraction was superior in 
dispersing properties to the quebracho used in lime- 
base oil-drilling muds and increased the fluidity of 
wet concrete. A study of the kinetics of crystalliza- 
tion of calcium sulphate dihydrate from supersatur- 
ated solutions showed that, after an initial nucleation 
period, the process followed first-order kinetics, the 
rate constant depending on the initial degree of 
supersaturation. Significant differences have been 
demonstrated in the corrosion resistance of a Watts 
nickel deposit as a result of various methods of polish- 
ing the steel. A complete revision of the paper 


*Oo 0 Research Foundation. Annual Report, 1957. Pp. 35. 
Ontario Research Foundation, 1958.) 


chromatographic techniques reduced the errors in 
analysing phosphate glasses for structural components 
to those associated with cutting the chromatogram to 
separate the polymers. 

In the Department of Engineering and Metallurgy 
three new sponsored fellowships were initiated, includ- 
ing one to study the oxidation of nickel at high 
temperatures. The study of the fundamental fatigue 
of metals continued with the view of detecting signs of 
elementary strain or damage during tensile or fatigue 
loading. Brittle fatigue is being studied with a special 
jig developed for the purpose and steels for high- 
temperature service incorporating non-metallic 
materials by a new design of creep extensometer. 
High-strength steels of good tensile properties have 
been produced by rapid heat-treatment methods. In 
the Ferrous Metallurgy Section hematite has been 
converted to magnetite by flash roasting and magne- 
tite reduced to metallic iron in the jet smelter. The 
Department of Mathematical Statistics examined 
sampling procedures for the Bureau of Broadcast 
Measurement, surveyed the fuel consumption of 
trucks and buses for the Ontario Department of 
Transport and continued an extensive programme on 
sizing systems for garments in co-operation with the 
Textiles Department, where a satisfactory technique 
has been developed for measuring the modulus of 
rigidity of a wool fibre immersed in a liquid, which 
gives a sensitive means of following changes in 
physical properties caused by chemical processes. A 
long-term study was completed of methods for 
stabilizing viscose rayon fabrics against dimensional 
changes in laundering. 

The work of blood parasites of birds continued with 
promising results, attention being concentrated on 
two, Leucocytozoon and Haemoproteus, which invade 
the red corpuscles, and the data accumulated show 
that different kinds of birds have distinctly different 
types of parasite. A microscopic study of the fine 
sands from samples of horizons from selected soil 
profiles was started, and observations regarding 
evaporation from small plots of grass on moist soil 
were again taken daily at Norman Hills and at 
Kapuskasing on the Dominion Experimental 
Farm. 


SUPPORT AND DIRECTION OF RESEARCH AT AMERICAN 
ACADEMIC INSTITUTIONS 


N a symposium on “The Changing Patterns of 
Academic Research”, which had been organized 
by Sigma Xi, Dr. Lloyd V. Berkner, president of 
Associated Universities Inc., discussed the support 
and direction of research at academic institutions in 
the United States (Amer. Sci., 46, No. 2; June 1958). 
He first examined the direction and balance of effort 
that is likely to produce the most significant advances 
to human knowledge. Research problems tend to be 
in competition among themselves for support, and a 
single large research effort may involve funds that 
could generate a great many research efforts on a 
smaller scale. In management of research, therefore, 


one is faced with advance assessment of the signifi- 
cance of a large effort in contrast to the integrated 
significance of a number of smaller efforts which that 
large effort potentially represents. Having defined 
research as having goals beyond the limits of human 
knowledge, it is apparent that such decisions in 
allocation of research-support require a ‘crystal ball’. 

Berkner arbitrarily divided research activities 
according to the size of the effort involved as follows : 
(1) conventional research on an individual scale 
involving essentially ‘string and sealing wax tech- 
niques’ or corresponding theoretical activity; (2) 
group research in a particular area or discipline of 


ARS 
ines 
4 
> 
& 
Ris 
the 
ty, 


science involving modest tools; (3) group research 
of an interdisciplinary character involving the 
synthesis of ideas from many branches of science ; 
and (4) research involving major and expensive tools, 
or very large and expensive group efforts. 

That persons best suited to individual research ar» 
most often found in the faculties of the colleges and 
universities is no accident. The diversity of the 
university atmosphere can react to broaden the 
interest of the individual and provide the intellectual 
tools required to associate diverse facts. But 
support of qualified individual effort must not be 
restricted to the university ;. such effort should be 
nurtured in whatever atmosphere suitable minds are 
found. 

The growing complexity of ideas and the problems 
of assembly and operation of even modest experi- 
mental apparatus has brought group research ever 
more into the forefront. Experience shows that four 
to seven workers devoting their effort to a single 
problem appear to react together in a kind of opti- 
mum way in advancing scientific knowledge. Usually, 
such @ group operates under the motivation of an 
intellectually strong leader with a number of asso- 
ciates each carrying part of the load. Very often 
such a team will require the use of large and expensive 
research tools operated by someone else to provide 
them with the means for their success. But the core 
of the effort is the small team—men who work 
together as equals in the assembly and perfection of 
their apparatus, and in ordering facts and ideas to 
achieve the final solution. The group effort in the 
discovery of the anti-proton or the anti-neutron, or 
the direct proof of the existence of the neutrino, may 
be cited as examples of the need for, and effectiveness 
of, group effort. 

Then there is the direction of research toward 
goals involving large and expensive tools or highly 
organized efforts. In the study of the macrocosm, 
the universe, the microcosm and the atom, large and 
expensive tools are necessary to order and to convey 
the phenomena to our simple senses. Even in the 
study of the Earth itself, highly organized and 
extensive efforts of thousands of scientists over its 
surface are necessary to provide a scientific view of 
the Earth as a planet. 

In the administration of research, leaders are 
constantly faced with the dilemma of deciding the 
proper division of funds between the large-scale 
research devices as contrasted with the individual or 
group research efforts. The decision to expend effort 
and support on large research tools must rest upon 
the evaluation of the contribution that the tool can 
make to the sum of human knowledge. Without 
such tools, science cannot be provided with the 
essential information on which even the individual 
research worker must depend to keep his thinking 
tied to reality. The recent destruction of the general- 
ity of the concept of parity has clearly emerged from 
the development of ideas arising from research with 
the great nuclear accelerators. Where this new 
concept will lead, that Nature discriminates between 
right- and left-handed motion, no one at the moment 
can say. 

The effectiveness of the individual worker depends 
on a balanced progress of human thought in every 
field, even though some fields of research require 
tools that are disproportionately expensive. Without 
support for the sciences that require expensive 
apparatus or effort, the whole of science would soon 
become over-specialized and sterile. The problem is 
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to achieve balance between the support of the small 
research worker and the provision of adequate tools 
required for the significant advancement of scientific 
progress on every front. 

This problem of balance becomes especially impor- 
tant when progress in one science becomes noticeably 
limited by lack of effort in the related sciences. 
From a recent study on the progress of meteorology, 
it seems apparent that a limiting factor in the growth 
of meteorological science is the slower progress in our 
knowledge of the oceans and the absence of develop- 
ment of synoptic oceanography. 

Perhaps critical dependence on costly scientific 
tools or operations may best be dramatized by citing 
the example of the Earth satellite. The instrumen- 
tation, launching, tracking, and data-collection in- 
volved in the satellite programme are very expensive, 
involving some tens of millions of dollars. Concern 
has been expressed that the equivalent sum of money 
directed toward other research objectives might be 
more effective. But this concern seems open to 
question when one examines the potentialities of the 
satellite as a new and fundamental scientific tool 
that provides a power of a new order of magnitude 
to science. The satellite offers the opportunity of 
measuring for the first time the heat balance of the 
Earth. The satellite can provide a knowledge of the 
external size distribution, density and variation of 
meteoric dust—particles that may conceivably pro- 
vide condensation nuclei as an external environmental 
influence on cloud formation and rainfall. It can 
describe variations in the solar, ultra-violet and 
X-radiations from a vantage-point above the absorb- 
ing atmosphere that is influenced by such radiation 
and vastly extend our power for study of the Sun 
itself. The satellite can eventually map the complex 
of cloud and storm systems and their movement over 
the entire surface of the Earth, including 75 per cent 
of the area over the oceans and the polar regions that 
now are instrumentally inaccessible. 

In addition, the satellite will acquire information 
concerning a whole range of other scientific phenom- 
ena such as the primary cosmic ray spectrum, before 
it enters the atmosphere, and the magnetic field of 
the Earth in its extensions and distortions in space. 
As a new major tool in science, the very large expen- 
ditures required for the erection of the satellite may 
turn whole areas of individual or group research into 
entirely new and more productive avenues. 

Turning to the problem of support for research, 
Berkner suggested that the most desirable form should 
originate from a diversity of sources. The problem 
is to encourage and justify support from the wide 
range of agencies which in our society benefit from 
the advancement of scientific thought. First of all, 
the universities themselves have a responsibility to 
provide support for research activities within their 
bounds. Second, a great growth of industrial support 
must be generated. Ultimately something like one 
per cent of the gross output of American industry 
should be made available to the universities and 
related academic activities for pure research as 
distinguished from their educational effort. In 
addition to the support of their own large research 
laboratories that both contribute to, and capitalize 
on, scientific progress, industry must carry an addi- 
tional burden of responsibility to make possible the 
growth of fundamental thought that can only emerge 
from the university. 

There was a time in human history when the 
motivation for scientific research was purely the 
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curiosity of man and his aspiration to know the 
nature of things around. To-day there is another 
compelling challenge that motivates research—as 
society has acquired the benefits of science, it has 
become wholly dependent on the continual production 
of new benefits from science so that the motivation 
for research is no longer wholly academic. 

At the present time, as nearly as can be estimated, 
the money expended in the United States for funda- 
mental research based on studies is approximately 
two hundred million dollars annually from all sources, 
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government and private. This is approximately 
five-hundredths of one per cent of the gross national 
product. In the future the economic development 
of the country must depend more and more upon 
new resources and capital developed from man’s 
brain rather than from his brawn. Perhaps on this 
idea one can estimate that it is not unreasonable 
that the total national fundamental research effort 
should be pushed to an annual level of perhaps 
one half of one per cent of the gross national 
product. 


THE PHYSICAL SOCIETY 


T the annual general meeting of the Physical 
Society, held in London at the offices of the 
Society on May 30, the reports of the Council and of 
the honorary treasurer and the accounts and balance 
sheet for 1957 were presented and adopted, and the 
officers and Council for 1958-59 were elected (see 
Nature, 181, 1640; 1958). Immediately prior to 
the annual meeting an extraordinary general 
meeting was held to give approval to an alteration 
of the rules of the Society whereby the status of 
honorary exhibition secretary was raised to that of 
honorary secretary of the Society. In the newly 
elected council Mr. A. G. Peacock becomes the first 
honorary secretary (exhibition), joining the two other 
honorary secretaries, Dr. H. H. Hopkins (papers) 
and Dr. C. G. Wynne (business), who were re-elected. 
The accounts show that the total income of the 
Society was £49,075, comprising £5,747 from member- 
ship subscription, £25,969 from publications, and 
£17,359 from the forty-first exhibition of scientific 
instruments and apparatus which was held during 
March 25-28, 1957, in the Old and New Halls of the 
Royal Horticultural Society, London. The excess of 
income over expenditure, merely £20, was very much 
less than in recent years, and two reasons are advanced 
for this reduction—a decrease of £1,000 in the annual 
grant received from the Royal Society for publications 
and an abnormal increase, both in size and in the 
number of copies printed, of the 1957 issue (Vol. 20) 
of the Reports on Progress in Physics published by 


the Physical Society. It is expected that the Council's 
decision to increase the price of the Society’s pub- 
lications when sold to the general public will restore 
a more favourable financial position during 1958. 

The Council’s report refers only briefly to the 
activities of the Society and of its four specialist 
groups—Colour, Optical, Low Temperature and 
Acoustics—but it mentions that a more detailed list 
of the conferences, meetings and lectures which have 
been held is given in the 1957 Yearbook of the 
Society (Nature, 181, 1046 ; 1958). This list, however, 
covers the period September 1956—July 1957 and not 
the calendar year 1957, which is the period covered 
by the annual report. 

In the section of the annual report dealing with 
the Society’s publications it is stated that greater 
promptitude in publication of the Proceedings was 
achieved during the period under review. 199 papers, 
68 research notes and 27 letters to the editor were 
published ; 58 manuscripts were either rejected or 
withdrawn. It was decided to discontinue at the 
end of 1957 the sub-division of the Proceedings into 
the two sections, Parts A and B. Vol. 20 of the 
Reports on Progress in Physics, which was published 
during the summer, contains, in addition to nine 
reports, @ cumulative index to the contents of 
Vols. 16-20, and both the index and individual 
reports are also available for purchase as separate 
pamphlets. No special publications or conference 
reports were issued during the year. S. WEINTROUB 


FOOD ADDITIVES 


HE Joint FAO/WHO Expert Committee on 

Food Additives has now published its second 
report*. Whereas the first one dealt with general 
principles governing the use of such additives, this 
second report gives guidance on ‘‘Procedures for the 
testing of intentional food additives to establish 
their safety for use’’. 

The use of food additives has greatly increased in 
recent years, and little is known about the health 
hazards which may result from their continual 
ingestion, either singly or in the mixture which a 
modern diet now provides, The Committee envisages 
the need for long-term animal feeding experiments 
sincs “the toxic or other biological effects of the test 
material cannot be predicted solely from a con- 


* Procedures for the Testing of Intentional Food Additives to 
establish their Safety for Use. nd Report of the Joint FAO/WHO 
Expert Committee on Food Additives. orld Health O tion 
Technical Report Series No. 144. (Geneva, 1958.) 


sideration of its chemical and physical properties”. 
This is partly because a deleterious effect might be 
due not to the additive directly but to its effect on 
some other substance in the food or to changes 
consequent upon cooking, long storage, etc. More- 
over, the same substance might exert a different 
effect when added to different foods, when fed to 
different age-groups, or when used in the diets of 
communities with different disease patterns. Since 
the hazard to the consumer will result from the total 
number of additives in the diet eaten, it is also 
necessary to have up-to-date information about the 
diets used by different groups within the com- 
munity on whose behalf legislation is envisaged. 
The resultant effect of interplay between differ- 
ent additives may well vary with variations 
in the mixture of foods used to form the basic 
diet. 
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' The Committee points out that the procedures 


. outlined in the report require all the resources of a 
_ well-equipped laboratory and animal house, and an 


adequately trained staff “having access to current 
scientific literature over a wide field’, and the 
warning is given that “the provision of such facilities 
on an adequate scale is very costly”. Not all Govern- 
ments could afford the outlay even if they had com- 
petent staff available for the work: yet the use of 
such additives without prior testing exposes the 
public to new risks of unknown magnitude, and 


protective legislation is undoubtedly required. Per- 
haps the difficulties involved will result in a reduction 
of the number of additives now used and a more 
emphatic application of the Committee’s principle 
that “when a new food additive is pro 

for use, clear evidence must be available to show 
that benefits to the consumer will ensue’. The 
Committee also expresses the opinion that 
‘no proved carcinogen should be _ considered 
suitable for use ... in any amount’’. 

M. W. Grant 


A NEW TYPE OF TITANIUM GETTER PUMP 


By L. HOLLAND, L. LAURENSON and J. T. HOLDEN 
Research Laboratory, Edwards High Vacuum, Ltd. 


ERB e¢ al. have described a novel vacuum pump 

in which gas is absorbed by a freshly evaporated 
titanium film, Gases which were not easily absorbed 
by the getter were removed by ion pumping and such 
combined devices have been termed ‘evapor-ion’ 
pumps. The evaporation of titanium is rendered 
difficult because at the evaporation temperature the 
molten metal reacts readily with refractory materials. 
In the pump described by Davis and Divatia* 
titanium wire was fed on an electron-bombarded 
anode made of carbon which was replaced in later 
experiments by a tantalum-—tungsten alloy. The 
useful life of these materials is limited, and the feed 
rate of the wire must be restricted to some 5 mgm./ 
min. It is natural, therefore, that attention should be 
given to designs of vapour sources in which refractory 
supports are avoided, and some recent reports®:* of 
work in this field prompt us to describe our experi- 
ences. 

Holland® has described an evaporation source for 
general use in which reaction between the evaporant 
and the support material may be avoided by directly 
bombarding the end of a wire fed into an electron 
beam. We have used this method for evaporating 
titanium and found that a molten globule may be 
easily formed on the end of a wire fed downward, 
but that it is difficult to attain the high temperature 
required for rapid evaporation because the globule 
is taken out of the region of intense electron bombard- 
ment by melting back along the wire. Thus either 
rapid feeding of the wire or increase in the electron 
intensity only results in the enlargement of the metal 
globule up to a critical diameter while its temperature 
remains constant at the melting point (about 1,660° 
C.). Using a feed wire 1 mm. in diameter, molten 
titanium droplets can be supported up to a maximum 
diameter of 5 mm., which give an evaporation rate of 
15 mgm./min. at 1,660° C. 

We have observed‘ that a globule of titanium may 
be raised to a very high temperature if the wire is fed 
downwards through a water-cooled copper block into 
the electron beam and the metal is allowed to melt 
back and contact the cooled block. A hemispherical 
globule is then formed which hangs from a frozen 
zone adhering to the cooled surface. Should the 
globule become detached from the feed wire, it remains 
suspended from the cooled block, and the size of the 
droplet is limited only by the area of the cooled zone. 


Thus we have supported titanium hemispheres up to 
5 mm. in radius on a block 1 cm. in diameter, while 
the tip of the molten droplet was raised to a tempera- 
ture of about 2,000° C. 

We have found that it is difficult to cool the feed 
wire in the guide nozzle, and the exit of a tubular 
nozzle may become blocked by the titanium melting 
back and freezing in the tube. To avoid this we have 
fed the wire down an inclined plane so that it is 
located at the edge of the anode block without being 
laterally restricted (Fig. 1). If the wire feed is 
obstructed when the metal globule sticks to the anode 
then the wire may bend sideways and continue to 
enter the beam, in which case more than one globule 
may be formed. The life-time of the vapour source 
is solely dependent on that of the cathode filament 
which is eroded by ion bombardment. 

Using such a vapour source inside a water-cooled 
vessel 18 in. in diameter and feeding wire 40/1,000 in. 
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in diameter we have achieved evaporation rates of up 
to 250 mgm./min. at a power input of 1-25 kV. and 
4 amp. Evaporating at a rate of 100 mgm.;min. at 
1kV. and 1-2 amp, we have achieved pumping speeds 
for air of some 1,000 1./sec. at 10-° mm. mercury. A 
pump similar to that described was shown at the 
Physical Society Exhibition in 1958. 

Recently, Milleron® has described a titanium vapour 
source in which a molten bead is formed on the 
end of a wire fed upwards into an electron beam. In 
our early experiments we used a similar apparatus 
and found that the viscosity of the metal was greatly 
reduced as the evaporation temperature rose above 
the melting point so that the liquid metal ran back- 
wards under gravity and blocked the entry tube. 

Winogradoff* has described a titanium vapour 
source in which wire is fed upwards on to the molten 
tip of a molybdenum rod which is heated by electron 
bombardment. We have found that it is very difficult 
to transfer metal to a heated surface in this way 
because either the feed tube obstructs the emitted 
vapour or the feed wire melts backwards when travers- 
ing the electron-bombardment zone. 

If the thermionic cathode of the vapour source 
bombarded with electrons is grounded, the metal 
condensing wall of the getter pump may operate as a 
cold cathode for a glow discharge at pressures above 
10-* mm. mercury.  Positive-ion bombardment 
removes absorbed gas from the condensed metal and 
reduces the electron-bombardment current flowing 
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to the evaporant. We have avoided this by using a 
cathode heater transformer which is insulated from 
earth potential at high gas pressures. We have also 
found that with the condensing wall at a positive 
potential the pump may be degassed by electron 
bombardment using an auxiliary cathode‘. A typical 
operating cycle of our pump is as follows: the pump 
chamber is first degassed by electron bombardment 
and, after the pressure has been reduced to 5 x 10-4 
mm. mercury, using a two-stagerotary pump, evapora- 
tion is commenced. When the pressure has fallen, 
due to gettering to 10-5 mm. mercury, the cathode is 
grounded so that the positive ions formed by electrons 
colliding with gas molecules may be transported to 
the chamber walls. The combined action of the 
‘evapor-ion’ pump using titanium with a hydrogen 
content of 0-008 per cent by weight gives an ultimate 
of 10-* mm. mercury. 

Our thanks are due to Mr. R. L. Simpkins for his 
valued help during the construction of the titanium 
pump and to Mr. A. S. D. Barrett, technical director 
of Edwards High Vacuum, Ltd., for permission to 
publish this communication. 
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THREE VARIETIES OF HUMAN HAMOGLOBIN D 


By S. BENZER* and Dr. V. M. INGRAM 
Medical Research Council Unit for Molecular Biology, Cavendish Laboratory, Cambridge 
AND 
Dr. H. LEHMANN 


St. Bartholomew’s Hospital, London 


HE list of variants of human hemoglobin is 

already an imposing one. Twenty-two are listed 
in a recent publication!, many of which have been 
shown to be genetically determined. Since the 
identification of hemoglobin types is ordinarily based 
upon properties such as electrophoretic mobility, 
solubility, and chromatographic behaviour on ion- 
exchange columns it might be expected that the 
application of more sensitive methods would reveal 
an even greater multiplicity of forms. Our results 
with three different hemoglobin D samples confirm 
this. 

Hemoglobin D was discovered by Itano in 1951? 
in an American ‘white’ family. It has the same 
electrophoretic mobility®* as hemoglobin S and 
behaves similarly during ion-exchange chromato- 
graphy‘. The two hemoglobins differ, however, in 
the solubility of the reduced form***, Only hemo- 
globin S possesses the low solubility of the reduced 
form which causes sickling of the erythrocytes. 

Hemoglobin D has also been found in an English 
family with Austrian and Spanish connexions* and 
in « Mulatto family in Britain’ where it could be 
traced to the non-Negro mother. There have been 
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records of its occurrence in Algerian Muslims*, and 
35 instances have by now been seen among 5,610 
Muslims of mixed origin examined in Algiers 
(Cabannes, R., personal communication). Studies 
from Missouri and North Carolina showed an 
incidence of 0:4 per cent in American Negroes’. 
Large-scale surveys in Africa south of the Sahara 
have failed to discover hemoglobin D in that area, 
with one exception where, however, the electro- 
phoretic mobility at alkaline pH of the hemoglobin 
D described’ was slightly faster than that of S. In 
Asia, one example was discovered in a Persian family", 
and one family with hemoglobin D was found in the 
course of a survey of 400 unrelated Turks!*. We 
have recently seen hemoglobin in a Turkish Cypriot 
family. 

In contrast to these sporadic findings, hemoglobin 
D has been found in two Indian populations—the 
Sikhs and the Gujeratis—at an incidence of 1-8 and 
1-1 per cent, 

We have examined three samples of hemoglobin D 
coming respectively from a Turkish Cypriot («), from 
a Gujerati Indian (8) and from a Sikh (y), and have 
found, in fact, that each carries a chemical change in 
a different part of the hemoglobin molecule. In all 
three instances no sickling of the intact red cells was 
seen when they were reduced with 2 per cent 
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Turkish Cypriot A+S control 


Fig. la. Comparison by filter paper electrophoresis at alkaline 

pH of the hemoglobin of the Turkish Cypriot (A4+Dg) with a 

hemoglobin A+S control. Dg and S are indistinguishable by 
this method 


Further analysis by two-dimensional ‘fingerprints’ 
indicated that in hemoglobins Dz and Dg new pep- 
tides had appeared in the band of the neutral pep- 
tides, and that in D, one of the normal peptides 
(containing tyrosine) seemed to have disappeared 
from the neutral band. The exhaustive examination 
necessary for the precise identification of all changes 
in amino-acid sequence, as done!*-!* for hemoglobins 
S and C, has not yet been carried out. Enough has 
been learned, however, to support the conclusion that 
the three hemoglobin D samples are distinct pro- 
teins; also some, if not all, the chemical changes 
involved have been indicated. 
It was particularly surprising 
that there was a difference between 


Fig. 1b. The hemoglobins of the family of the Turkish Cypriot (5). Paper electro- 
phoresis at alkaline pH. The father and one sister are also hemoglobin D trait 
carriers. The mother, one sister and one brother possess hem i: 

1, Father; 2,mother; 3 and 4,sisters; 5, propositus; 6, brother (non-identical twin) 


sodium metabisulphite, thus showing that no hemo- 
globin S was present. On electrophoresis of the 
purified hemoglobin solutions, the first two samples 
resolved into two fractions with the mobilities of 
hemoglobin A and S or D, respectively (Figs. 1 and 
2), and the third consisted of a single component?® 
with the electrophoretic properties of S or D. 
Identical results were obtained with ion exchange 
chromatography (Amberlite IRC50). The presence 
of hemoglobin S could be excluded in all three 
samples by Itano’s solubility test’, where reduced 
hemoglobin S and mixtures of reduced hemoglobins 
AS or SD all show a solubility below 5 gm./l. of 
Itano’s 2:24 M phosphate buffer at 25°. The ferro- 
hemoglobins of the Turkish Cypriot (AD,), the 
Gujerati (ADs) and of the Sikh (D,) all showed 
complete and ready solubility at this concentration 
and temperature. 

The specimen from the Sikh (D,) could be used 
without further purification. Hemoglobins D, and 
Dg were isolated from their mixtures with A by 
paper electrophoresis in 0-06 M veronal buffer at 
pH 8-6'*. Each hemoglobin was denatured by heat 
and digested with trypsin, as previously described!*1’, 
to give a mixture of peptides for examination by 
‘fingerprinting’. The distinction between the three 
hemoglobins D could be seen readily by one- 
dimensional electrophoresis* as shown in Fig. 3. 

In hemoglobin Dz peptide 23 (see ref. 16) has dis- 
appeared, and in hemoglobin Dg peptide 26 is missing, 
whereas in D, both these peptides are present. 


Gujerati A + S control 


of the hemoglobin of the Gujerati (A + Dg) with a hemoglobin 


Fig. 2. Comparison by filter paper rang eee at alkaline pH 
B 
A + S§ control. Dg and S are indistinguishable 


oglobin A only. 


the two hemoglobins from the two 
Indians. Though the Gujeratis and 
the Sikhs represent rather different 
types of Indian populations, one 
might have expected that the 1-2 
per cent incidence of hemoglobin D 
would prove a link rather than 
differentiate between the two. It 
has been somewhat of a puzzle 
that surveys of other Indian popu- 
lations had so far not resulted 
in the finding of hemoglobin D 
among them. The present observation that the 
two hemoglobins D of the Gujerati and the Sikh 
are the result of distinct mutations would explain 
the patchy distribution of hemoglobin D in India. 
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Fig. 3. Comparison by one-dimensional paper electrophoresis* of 
tryptic digests of hemoglobins A, Da, Dg, Dy, at pH 6-4, Peptides 
numbers 23 and 26 (see ref. 16) fre only weak colours with 
ninhydrin, even after heating. Both hemoglobins Dg and Dg by 
reason of the isolation procedure contain smal] amounts of hemo- 
globin A. The colour reaction specific for various amino-acids 
were carried out as described in ref. 20 under the following 
authors: ninhydrin—Toennies, 1951; histidine—Karler, 1952, 
Baldridge, 1953 ; arginine—Jepson, 1953 ; tyrosine—Acher, 1952. 
Arrows indicate neutral points 
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It is clear that considerable caution will have 
to be applied to the anthropological interpretation 
of the distribution of characters such as hzemo- 
globin D which may be the result of entirely different 
mutations. 

In hemoglobin S, mutation has been shown to have 
resulted in the replacement of a negatively charged 
glutamic acid residue by uncharged valine**1’. The 
similar electrophoretic properties of hemoglobin D 
could result from the replacement of any negatively 
charged amino-acid residue by a neutral one, or from 
the replacement of any of the many neutral amino- 
acids of the globin molecule by a positively charged 
arginine or lysine. In general, however, such altered. 
hemoglobins might be expected to differ from hzmo- 
globin S in not having an abnormally low 
solubility. 

In hemoglobin C the same glutamic acid residue 
as in hemoglobin S was found to be affected?*, in 
that case being changed to lysine. It is important to 
note, therefore, that mutaticnal alterations are not 
restricted to that particular location, but may arise, 
as in hemoglobins Dz, Dg and D,, in various parts 
of the molecule. 


UTORADIOGRAPHY has become a standard 

tool of industrial and, to a large extent, of 
biological research. In the field of mycology it has 
so far been utilized comparatively little. It is the 
purpose of this article to describe a few applications 
of this technique to the study of fungal physiology at 
the Grassland Research Institute, Hurley. 

The subject of autoradiography has been well 
reviewed by Boyd'. He defines it as the “‘production 
of a two- or three-dimensional image on a photo- 
graphic film or plate by radio-active radiation”. 

In biological research, nuclides emitting B-rays of, 
low energy are most frequently used for autoradio- 
graphy. We have used £-radiation, but in addition, 
investigations have been made to exploit by autoradio- 
graphy the characteristic of deep penetration by 
y-photons in order to locate the position of a radio- 
active fungus inoculum buried in soil. In 1957, 
Grossbard and Stranks* published a preliminary note 
on their attempt to record the growth of fungi directly 
in the soil, that is, in situ, by labelling the inoculum, 
locating its position and tracing its growth by means 
of a scintillation counter. In view of the high energy 
of y-photons and consequently poor resolution, be- 
cause of absorption and back scatter by soil particles, 
a well-defined and true image of the specimen could 
not be expected. It was, however, assumed that the 
possibility of locating a fungal colony in the soil, by 
so simple a technique as autoradiography, might 
prove to be a useful research tool even if only a mere 
shadow could be obtained. 

The fungi used in the work described in this paper 
were: Armillaria mellea (Vahl ex Fries) Quél Herb. 
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AUTORADIOGRAPHY OF FUNG] THROUGH A LAYER OF SOIL 
AND IN AGAR CULTURE 
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I.M.I. 61755, Fusarium culmorum (W. G. Smith) Sacc. 
Herb. I.M.I. 35099, Phycomyces blakesleeanus Burgeff 
Herb. I.M.I. 44142, Phytophthora cactorum (Leb. and 
Cohn) Schroet. Herb. I.M.I. 62471, Rhizoctonia 
solani Kiihn, kindly supplied by Dr. 8. D. Garrett, 
Rhizopus stolonifer (Ehrenb. ex Fr.) Lind. Herb. 
I.M.I. 42844, and Verticillium albo-atrum (Reinke and 
Berth.) Herb. I.M.I. 62131'. The nuclides acting as 
tracers were the y-ray emitters caesium-137 and 
cobalt-60. The fungi were grown in either a nutrient 
broth or agar, containing the nuclides which they 
readily absorbed. In broth cultures the mat was 
harvested and washed with water over a sintered glass 
filter until the filtrate showed no more activity. In 
the case of some fungi, especially P. cactorum, the 
tracers continued to be leached out on prolonged 
washing, but in others a fair proportion of the 
nuclides was retained permanently in the mycelium. 
Agar cultures were not washed, and a number of disks 
or squares served as the inoculum. The mycelium 
was mixed with a small quantity of soil or sand/oat- 
meal and buried at various depths in a glass or 
aluminium dish containing autoclaved soil or placed 
at the top end of a column of soil contained in a glass 
tube, that is, a so-called growth tube. 

The method of autoradiography used consisted in 
placing an envelope-packed Ilford X-ray film Indus- 
trial B beneath and on top of the dish containing 
soil and the radio-active fungus, or below the growth 
tube ; the film rested on a lead sheet 1/16 in. thick. 
This lead screen is essential since the photographic 
effect of y-photons is, to a large extent, a result of the 
emission of secondary electrons from lead. Kodak 
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(a) (b) 


Fig. 1. Armillaria mellea (cobalt-60). A disk of an agar culture 

was buried in soil, 1 cm. from the top. Total depth of soilin dish 

was 5 cm. (a) Autoradiogram through lid and 1 cm. of soil, and 

(6) through bottom of dish and 4 cm. of soil. Exposed for 26 days. 

Note that image in (0) is still clearly visible but intensity is much 
lower and the outlines are blurred 


X-ray intensifying screens were tested in a few experi- 
ments but no improvement was observed. The 
preparations were exposed for 14-28 days depending 
on the activities of the nuclides, the depth of the soil 
layer and whether an aluminium or glass dish had 
been used, aluminium absorbing a greater proportion 
of the radiation than does glass. 

Images obtained by this method are depicted in 
Fig. 1 (a and b); the experimental conditions are given 
in the legend. 

Whatever the shape of the inoculum, whether it was 
buried in soil, placed on top of a soil layer or at one 
end of a soil column, the image in each case was a 
circular area of blackening, revealing no details of 
morphology such as the rhizomorphs present in the 
culture of A. mellea. The diameter and the intensity 
seemed to decrease with an increase in the depth of 
the soil layer through which the rays had to travel. 
As is generally the case in autoradiography, concentra- 
tion of the nuclide and duration of exposure influenced 
the degree of blackening. Experiments are in progress 
to establish these correlations on a quantitative basis, 
taking into account density and moisture content 
of the soil as well as other factors normally affecting 
the absorption of radiation. The actual position of 
the fungus inoculum could be located with some 
accuracy. 

It was possible to obtain an image from inocula 
containing very low concentrations of the tracer. For 
example, V. albo-atrum was grown in a Dox solution 
containing caesium-137. The mat, after thorough 
washing, contained about 3-0 uc. of the tracer. When 
placed on top of a layer of soil 14 cm. deep in a Petri- 
dish the autoradiogram, through the bottom of the 
dish, produced an image similar to that in Fig. 1b. 
This is an important point, since one of the applica- 
tions of this method envisaged is the study of the 
growth of fungi directly in the soil. Even if the 
original inoculum were to contain a very large con- 
centration of the tracer the outward growth of 
hyphae would bring about considerable dilution and 
we might be left with very low activities. A method 
of autoradiography capable of recording such low 
activities must be devised. At present two great 
difficulties will have to be solved before the technique 
can be used to its full extent for growth studies. 
First, it has not so far been possible to demonstrate 
translocation of caesium-137 and cobalt-60 in the soil 
by the fungi tested by Grossbard and Stranks?. 
On the other hand, there is evidence that, at least in 
agar cultures, these nuclides were transported in the 
case of P. blakesleeanus, R. stolonifer and P. cactorum. 
Second, the long time of exposure necessary to 
produce an image reduces the value of this method 
for growth studies. However, as this technique is 
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only in its initial stage of development and is still 
very crude, it is hoped that ways will be found to 
reduce the exposure time. Once the technique is 
perfected it should find various applications especially 
in plant pathology and, perhaps, also in root-growth 
studies. 

The method described above is primarily based on 
the effect of gamma-radiation. Both caesium-137 
and cobalt-60 emit beta particles in addition to 
y-photons. Thus some of the standard techniques of 
autoradiography which utilize mainly {-radiations 
could be adapted for our purpose, namely, apposition 
on a non-screen X-ray film and the stripping film 
technique as devised by Pelc*. Both proved valuable 
in studies on translocation in fungi‘. Fig. 2 illustrates 
an example of apposition on an X-ray film. Frag- 
ments of sporangiophores of R. stolonifer were removed 
2-3 cm. above a substrate containing cobalt-60. The 
material was teased out in water, allowed to dry on a 
slide and wrapped in ‘Cellophane’. The slide was 
placed on an Ilford X-ray film Industrial B, with the 
fungus facing the emulsion, wrapped in a lightproof 
envelope and exposed for 28 days. This long exposure 
was necessary because of the very small concentration 
of the tracer, which could barely be detected by a 
scintillation counter. Exposure could be reduced to 
6 days or less in other preparations. As can be seen 
in Fig. 2 the individual fragments of the sporangio- 
phores and the sporangia are easily discerned. While 
the tracer had been leached, forming black irregular 
areas, it is clear that cobalt-60 was translocated 
through the sporangiophores and accumulated in the 
sporangia. 

The stripping film technique was used for micro- 
scopic observations of fungal hyphae. In order to 
demonstrate absorption and accumulation of a tracer 
by hyphae submerged in a radioactive substrate, very 
thin sections of agar cultures of R. solani containing 
cobalt-60 were placed on slides and allowed to dry in 
order to obtain a thin specimen by dehydration of 
the agar. The preparations were coated with sections 
of strippable film (Kodak scientific plate A.R.10) 
as described by Pelc*, and after exposure for 6-14 
days developed in the normal manner. They were 
photographed unstained under an optical microscope 
(Fig. 3). The background showed considerable grain 
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Fig. 2. Rhizopus stolonifer (cobalt-60). Autoradi of frag- 
ments of sporangiophores by apposition on X-ray . es 
for 28 days. Note accumulation of tracer in the sporangia. (x 3) 
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density, due to the thin layer 
of radioactive agar still adhering 
to the slide. The concentration 
of grains in the hyphae was 
considerably greater, suggesting 
accumulation of the tracer within. 
In order to study translocation 
into the aerial mycelium, aerial 
hyphae of various fungi were 
rermoved and teased out in water. 
An autoradiogram was prepared 
as before. Here, a considerable 
difficulty was encountered com- 
mon in preparation of biological 
material for autoradiography ; 
namely, leaching of the tracer. 
Robson (personal communication), 
who applied Canny’s*® modification 
of the stripping film technique 
in her work on the sulphur 
metabolism of fungi, has overcome this by freeze- 
drying and embedding the specimen in wax under 
vacuum. The hyphae were afterwards sectioned. 
While this method was being studied in our labora- 
tory, attempts were made to prevent leaching 
of cobalt-60 by converting it into the insoluble 
sulphide. After the culture had been made alkaline 
a gentle stream of hydrogen sulphide was bubbled 
through. However, although the tracer was pre- 
cipitated, there were so many side-effects and 
artefacts that interpretation became difficult. A 
useful method was devised by Barton (personal 
communication). The radioactive agar was inocu- 
lated with the fungus under study and then coverslips 
38 x 22mm. were placed so as to just touch the surface 
of the agar. On incubation some fungi such as 
P. cactorum, R. solani and F. culmorum grew over 
the cover slips forming a thin mat, sometimes of 
only a few hyphae. This made an ideal preparation 
for the stripping film technique, which requires a 
thin specimen. The need for teasing out was dis- 
pensed with. By careful removing of the coverslip a 


Fig. 4. 


Fig. 3. Rhizoctonia solani (cobalt-60). Photomicrograph of auto- 

radi of mycelium submerged in agar containing cobalt-60. 

Note r grain density “oe Exposed for 14 days. 
x 
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hytophthora cactorum (cobalt-60). Photomicrograph of autoradiogram of hyphae 
grown over a coverslip placed on the surface of a substrate containing cobalt-60. 


for twelve 


(a) Hyphal content intact; (b) content oozing out; (c) empty hypha. Ex 
days. Note the density of grains in (a) and their complete absence in (c). ( x 1,340) 


minimum disturbance of the hyphae was achieved. 
The coverslips were cemented to an ordinary micro- 
scope slide and autoradiograms prepared. We have 
found that the rapid immersion into a water-bath in 
order to lift up the sections of strippable film, if 
followed by rapid drying in a tower (designed for this 
purpose at Hurley by Barton), did not give rise to any 
appreciable leaching of the tracer. Fig. 4 (a and c) 
shows autoradiograms prepared by this method from 
a sand/oatmeal culture of P. cactorwin containing 
cobalt-60 of very low activity. The preparations 
were photographed unstained under a phase-contrast 
microscope. Fig. 4a depicts a hyphal section with its 
content intact and a considerable density of silver 
grains as a result of the concentration of the tracer ; 
in 4b the hyphal content seems to have oozed out 
through a rupture in the cell wall, apparently carrying 
with it the tracer; in (c) we see an empty hypha, 
that is, the mere cell wall and no silver grains at all. 
These observations would suggest that cobalt-60 is 
transported by protoplasmic flow rather than held 
by the cell wall. Though further indications support- 
ing this hypothesis have been obtained with, for 
example, P. blakesleeanus by Grossbard and Stranks‘ 
a great deal more experimental work is required for 
confirmation of a conclusion of such fundamental 
importance. These experiments, however, illustrate 
the potentialities of the stripping film technique and 
autoradiography in general in fungal physiology. 
Another interesting application, of the stripping film 
technique, was reported recently by Staples and Led- 
better® in their studies on the distribution of tritium- 
labelled glycine in rust-infected leaves. 

This article outlines but a few applications of 
autoradiography. Other methods described in the 
literature may be adapted as useful tools for the study 
of mycology and plant pathology. 

My sincerest thanks are due to Dr. William Davies 
for his interest in this work, for the encouragement 
and guidance he gave me and for providing me with 
facilities to carry on these studies, and also to Mr. 
G. E. Barton for his valuable collaboration and 
technical assistance. 
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Congr. (1958) (in the press). 
*Canny, M. J., Nature, 175, 857 (1955). 
* Staples. R. C., and Ledbetter, Myron C., Contr. Boyce Thompson 
-, 19, 349 (1958). 
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PUPIL UNREST: AN EXAMPLE OF NOISE IN A BIOLOGICAL 
SERVOMECHANISM 


By LAWRENCE STARK 


Section of Neurology, Yale University 


FERGUS W. CAMPBELL 
Physiological Laboratory, University of Cambridge 


AND 


JOHN ATWOOD 


Perkin-Elmer Corporation, Norwalk, Connecticut 


HE pupil of the human eye continuously under- 

goes small fluctuations in area even in steady 
illumination. These movements may be readily seen 
on close inspection. We considered it worth-while to 
investigate this pupil unrest as an example of noise 
in a biological system. We have therefore measured 
and described the phenomenon, performed experi- 
ments to decide between possible mechanisms for 
its production, and finally considered its possible 
function. 

Description of the pupil unrest. One-minute samples 
of pupil area fluctuations were recorded. The power 
spectrum of a typical record is shown in Fig. 1. The 
power spectra are unreliable below 0-05 c./s. due to 
the short length of the time functions, and above 
2 c./s. because the sampling rate limits the significance 
of the data. The autocorrelation function and the 
power spectra both show that the major component 
of the pupil unrest is random noise in the frequency- 
range 0-05-0-3 c./s. In the region 0-75-2-5 c./s. all 
three power spectra we have obtained show a general 
slope of 36 decibels per octave, with a corner fre- 
quency near 0-5 c./s. One power spectrum obtained 
from a time function of pupil diameter fluctuations 
showed the same corner frequency and an 18 decibel 
per octave slope. Power spectra of diameter fluctua- 
tion should have half the slope of area fluctuation. 

The power spectra in the frequency-range 0-5- 
2 ¢./s. show an irregular distribution of power with 
frequency, which can be seen in the log—log plot of 
Fig. 1. Both the time functions and the auto- 
correlation functions have features which suggest the 
existence of coherent signals at approximately 2 c./s. 
However, study of the amplitude of these features in 
the autocorrelation functions and the power spectra 
show that if such signals exist they represent less 
than 5 per cent of the root-mean-square value of the 
time function. 

The origin of pupil unrest. It is possible to make 
some deductions about the origin of the pupil unrest 
from information already known about the pupil 
light reflex, from the new results presented, and from 
m results of certain critical experiments described 

ow. 

_ The unrest cannot be a manifestation of instability 
in the pupil light reflex considered as an error-actuated 
servomechanism!. Such systems may oscillate, if the 
feed-back path which completes the loop carries a 
response delayed by time lags and _ sufficiently 
amplified to produce regenerative action®*. Con- 
siderable lags exist in the pupil system, but the 
necessary amplification is not present as the gain is 
equalt to 0-16. The transfer function G(s) is 


(Pupil area)* (arbitrary units) 


10° 
10 10-* 1 10 
Frequency (c./s.) 


Fig. 1. Power 2 computed from autocorrelation function 
of experiment No. 5. Broken lines indicate approximate asymp- 
totes. Area squared in arbitrary units 


{0-16 exp (—0-18s)}/(1 + 0-1s)*. Thus the pupil will 
not continue to respond to a stimulus that does not 
itself continue, and the pupil light reflex servo-loop 
is therefore stable. The absence of a large coherent 
frequency component at the frequency that such 
instability oscillations would be expected! is 
additional evidence against this possibility. Further- 
more, as no regenerative instability is possible when 
the loop is open, pupil unrest should continue and 
appear unchanged under open-loop conditions. This 
is found to be true experimentally’. Thus, quite 
independently of the quantitative arguments above, 
we can discard the hypothesis that an unstable 
pupil loop produces the pupil unrest. 
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Other non-linear properties of servo-systems such 
as backlash or dead space also cause oscillations. 
However, the pupil loop does not show the change 
in gain with amplitude which would be found if 
substantial amounts of backlash or dead space were 
present®. Again, these non- -linearities require closed 
loop operation in order to produce oscillations. 

The above discussion eliminates causes of unrest 
associated with the closed-loop properties of the light 
reflex. Therefore, the unrest must originate in or be 
injected into the loop. Another observation suggests 
that this point of origin or injection must be into that 
portion of the loop which is common to both iris 
muscles. Only central nervous system elements, 
including the retina, comprise this portion of the 
loop. Fig. 2 shows the unrest of one iris to be highly 
correlated with the simultaneously recorded unrest of 
the contralateral iris. This excludes an otherwise 
likely source of pupil unrest—spontaneous move- 
ments of the iris muscle—of the type seen in a wide 
variety of smooth muscle when isolated and free 
from nervous influence. 


blink left 

eft eye 

= 

ies 1 2 3 4 5 6 7 8 
Time (sec.) 


Fig. 2. “ue of pupil unrest from right and left o simul- 
pha the high degree of correlation 


The distinction between origin within and injection 
into the pupil reflex system can be made by com- 
paring the frequency response of the open loop 
system with the power spectrum of the unrest. In 
Fig. 3 are plotted approximate asymptotes for (A) 
the pupil servo-system and (B) a lumped parameter 
network which would attenuate white noise to pro- 
duce a power spectrum similar to Fig. 1. It is evident 
that the frequency distribution of the power spectrum 
of the pupil unrest cannot have been caused by a 
filtering action of either the open-loop or closed-loop 
pupil system on noise with uniform distribution of 
power with frequency. Furthermore, the filter which 
has shaped the power spectrum of this noise cannot be 
in series with the flow of information in the pupil 
system loop, because the measured frequency response 
of the pupil system does not have the 18 decibel per 
octave asymptote from 0-5 to 1-0 c./s. 

It must be clearly understood that this band-width 
argument implies nothing about the actual anatomical 
location of the noise generator. For example, the 
noise may be leakage from signals external to the 
pupil system (cross-talk) or it may arise from part of 
the neurological apparatus which comprises the pupil 
system, as, for example, the retina. In such cases, 
although the noise generator and the pupil loop are 
anatomically united it must still be true that they 
are functionally and physiologically separate ; that 
transmission of light information relevant to the 
operation of the pupil system cannot pass in series 
through the noise generator filter. 

However, other experiments could localize the 
nose generator. For example, careful quantitative 
comparison under open-loop and closed-loop operating 
conditions could determine whether the noise is 
injected at the loop input or elsewhere. Because of 
the low loop gain and the low magnitude of the 
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FREQUENCY RESPONSE COMPARISON OF 
PUPIL SERVO LOOP AND NOISE FILTER 


1 
% SERVO Loop 
\ 
NOISE FILTER—B 
01 
A 
\ 
\ 
\ 
A 
0-01 A 
0-01 0-1 1 10 
Frequency (c./s.) 


Fig. 3. Approximate asymptotes for (A) pupil servo-system and 

(B “lumped parameter network which would attenuate white 

to produce a power spectrum similar to Fig. 1. Both are 
normalized to unity gain in mid-frequency range 


fluctuations (+ 10 per cent change in area) this 
experiment is technically difficult and has not been 
satisfactorily performed. To identify the input which 
injects noise into the pupil system it is necessary to 
establish some measure of cross-correlation between 
the presumptive input and the pupil unrest. 

The role of pupil unrest. Pupil unrest might play a 
specific part in the visual process, or it might represent 
the tolerance of the pupil servomechanism to uncor- 
rected error. It is unlikely that pupil unrest prevents 
the disappearance of a stabilized image’ or produces 
information of value to the accommodation mech- 
anism as use of a fixed artificial pupil does not affect 
the characteristics of these functions. On the other 
hand, since visual acuity is not appreciably influenced 
by a + 15 per cent change in pupil area, it seems 
reasonable that pupil area need not be controlled 
within more precise limits. Perhaps this is an example 
of economy in construction in the sense that un- 
necessary requirements are not placed on the noise 
level in the pupil apparatus. 

We wish to thank Prof. P. Schultheiss for helpful 
discussion; H. Kunz (Perkin-Elmer Corporation), 
Dr. G. Dahlquist and Dr. Bergstrand (Swedish Com- 
puting Board and the Yale Computing Laboratory) 
for carrying out the computations ; Dr. Irene Lowen- 
field and Prof. O. Lowenstein for allowing us to 
conduct an experiment in their Pupillography 
Laboratory at Columbia University and for helpful 
discussion; the W. E. Durham Fund, National 
Institute of Neurological Diseases and Blindness, the 
National Science Foundation, and the W. H. Ross 
Fund for support for portions of this work. 


* Stark, L., “Nyquist Stability Criterion and Oscillations 
Servomechanism. Selected papers in (in 
press 


. bear; (7) F. W., and Whiteside, T. C. D., Brit. J. Ophthal., 19, 180 


* Stark, L., and Cornsweet, T. N., Science, 127, 588 (1958). 

‘Stark, L., and Sherman, P. M., J. Neurophysiol., 20, 17 (1957). 

* Campbell, F. W., and Robson, J. G. (unpublished experiments). 

* Baker, F., Emmerich, G. W., Tyler, V., and Stark, L. (unpublished 
experiments). 

7 Cornsweet, T. N., J. Opt. Soe. Amer., 46, 987 (1956). 
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LETTERS TO THE EDITORS 


The Editors do not hold themselves responsible 
for opinions expressed by their correspondents. 
No notice is taken of anonymous tions 


Comparison of an Ammonia Maser with a 
Czsium Atomic Frequency Standard 


SEVERAL atomic frequency standards of different 
types are now in use for comparisons with astronomic- 
ally determined time. As the adopted frequencies 
of these atomic standards have been derived from 
the smoothed universal time v.T.,, which is itself 
variable in time!, they disagree by several parts in 
10°. In order to obtain a uniform base for the atomic 
times determined by the different standards, their 
frequencies have to be compared directly. This has 
been done between czsium resonators at the National 
Physical Laboratory in Teddington and the Naval 
Observatory in Washington using the GBR 19-6 ke./s. 
transmissions. Later the same comparison was 
repeated between similar cesium resonators at the 
National Physical Laboratory?. 

The present communication reports on similar 
measurements between the cesium resonator of the 
National Physical Laboratory and the ammonia 
maser in operation at Neuchatel. Such a comparison 
is of particular interest to prove the consistency of 
atomic and molecular frequencies produced by com- 
pletely different devices. 

Two different methods of reception were used. 

(1) The phase of the time signals superimposed 
on the MSF 10 or 5 Mc./s. standard frequency trans- 
missions received in Neuchatel was differentiated 
over six days centred on the days when the quartz 
clocks were calibrated in terms of the maser fre- 
quency standard. An accuracy of approximately 
+1 part in 10° is achieved. 

(2) The frequency of the MSF 60 ke./s. standard 
frequency transmission is connected to the maser 
frequency obtained the same day. The accuracy 
given by this method seems better, a few parts in 
10'°, though the reception on 60 ke./s. is often bad. 
The results obtained by using the corrections pub- 
lished by the National Physical Laboratory which 
have to be applied to MSF to obtain the frequency 
based on the cesium resonator are summarized in 
Table 1. The correction to be applied to the adopted 
maser frequency (23 870 129 235 c./s.) to reduce it 
to the adopted cesium resonator frequency (9 192 
631 830 ¢./s.) is 9 x 10-*. Within the limits of 


Table 1, FREQUENCY DIFFERENCE CSIUM — MASER 


Time Fre- Time Fre- 
signals quency signals quency 
Date MSF MSF Date MSF MSF 
10 Mc./s. | 60 ke./s. 10 Me./s. | 60 ke./s. 
(x 10-*) | (x10-*) (x 10-*) | (x 10-*) 
1957 1957 
July 16 10 — Nov. 21 7 — 
Aug. 19 8 — Nov. 23 7 — 
ug. 31 8 _- Dec. 13 7 — 
Sept. 14 8 Dec. 7 
1958 
Sept. 27 7 — Jan. 4 7 — 
Sept. 30 7 — Jan. 20 8 _ 
Oct. 18 7 — Mar. 28 8-4 93 
Oct. 26 7 —- April 25 9-2 9-0 
Nov. 2 8 —_ y 13 10°4 9-0 
Nov. 4 7 June 10* 9-5 
Nov. 5 7 — June 13* 8-0 9°3 
Nov. 19 2 uly 3 8-4 9-5 
Nov. 20 7 a July 18* 10:3 8-4 


* Correction MSF — cesium taken as zero. 
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accuracy, both methods agree. It is not yet clear 
if the systematically lower values given by method 1 
in autumn 1957 are due to relative drift of the atomic 
standards, statistical error or ionospheric disturbance. 
J.-P. BLasER 
Observatoire de Neuchatel. 
J. BonaNoMI 
Laboratoire suisse de Recherches horlogéres 
et Institut de Physique, 
Neuchatel. Aug. 8. 


, Parry, J. V. L., Markowitz, W., and Hall, G. R., Nature, 
1 1054 (1958). 
2 Essen, L., Parry, J. V. L., and Pierce, J. A., Nature, 180, 526 (1957). 


Comparison of Astronomical Time Measure- 
ments with Atomic Frequency Standards 


Atomic frequency standards have been in regular 
operation in several laboratories for the past few 
years. It has rapidly become clear that they can 
be used for comparisons with astronomical time 
determinations. 

This problem has been studied in Neuchatel, where 
the atomic frequency standards (ammonia masers) 
have been used to define an atomic time in conjunc- 
tion with a set of quartz clocks. The same clocks are 
related to the time determined astronomically (v.T. 
defining the angle of rotation of the Earth) with a 
photographic zenith tube and a Danjon astrolabe. 
The precision of these different comparisons is 
given roughly in Table 1. 


Table 1 

measurement Frequency | Ref. | Clock correction | Ref. 

Atomic 10-*° 837 +27Tmsec.| @ 
(T in years) 

Astronomical : 

universal time 

(U.T.) x 10° b 3 m,sec. 
Ephemeris time 

(E.T.) (5 x 10-*) 2 (30 m.sec.) 2 


(a) Obtained by integration of the frequency of a quartz clock 

ibrated every two weeks in terms of atomic frequency. 

(b) Obtained from astronomical data over a period short enough 
(about 1 month) to allow differentiation (ref. 1). 

(c) Average over 1-2 weeks, the accuracy being partly limited by 
the uncertainty of polar motion. 


It appears that atomic and astronomical clock 
corrections can be compared with similar accuracies 
whereas astronomical frequencies are much less pre- 
cise. This follows from the fact that integration of 
atomic frequency by a quartz clock can easily be 
achieved without loss of relative accuracy, while 
astronomical data do not lend themselves to precise 
differentiation. 

On the other hand, it seems preferable, for study- 
ing the rotation of the Earth, to use the v.t.,, in 
which polar motion has been removed and which 
is a direct result of observation and therefore identical 
for all observatories. 

If one assumes that atomic time (A.T.) is uniform, 
U.T., — A.T. is a direct measure of all effects changing 
the rotation of the Earth. This quantity, as determ- 
ined by different observatories and atomic frequency 
standards, should be directly comparable except for 
a linear term originating from the adopted atomic 
frequency. Fig. 1 shows such a comparison. Even 
small and rapid changes in the rate of rotation of 
the Earth can be detected, whereas these disappear 
in Fig. 2, where the differentiated astronomical data 
are plotted against atomic frequency. Besides the 
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1957 1958 


Fig. 1. Universal time (v.T.,) plotted against atomic time. 

Points represent about 100 stars observed with the PZT. The 

dotted line is the predicted seasonal variation in the rotation 
of the Earth (7's) 


| 


| 


1957 1958 


Fig. 2. Corrections to be applied to the adopted frequency of the 
Neuch&tel maser (23 870 129 235 Hz) to obtain frequency U.T.. 


accidental scatter of the points the gradual slowing 
down of the Earth of about 4 x 10-* a year found 
in 1957 is in agreement with the measurements of 
Essen et al.*. The points in 1958 seem to indicate 
that this change in speed of rotation may not con- 
tinue at the constant rate observed since July 1955. 
Hence it would seem desirable that research centres 
using atomic frequency standards should also de- 
termine an integrated atomic time in order to allow 
a better comparison with astronomical measurements 
with regard to the rotation of the Earth. 
J.-P. BLASER 
Observatoire de Neuchatel. 
J. De Prins 
Laboratoire suisse de Recherches horlogéres 
et Institut de Physique 
de l'Université de Neuchatel. 
Aug. 8. 
1 Blaser, J.-P., and De Prins, J., Helv. Phys. Acta (in the press). 
* Markowitz, W., Astronom. J., 59, 69 (1954). 
* Essen, L. Parry, J. V. L., Markowitz, W., and Hall, R. G., Nature, 
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An Irregularity in the Atmospheric Drag 
Effects on Sputniks 2 and 3 (Satellites 
19578, 19585, and 19585.) 


THe atmospheric drag acting on an Earth satellite 
shows itself most clearly by reducing the period of 
revolution 7', and any irregularities in the rate of 
decrease of 7 are likely to be caused by irregularities 
in either the atmospheric density near perigee or the 
effective drag cross-sectional area S of the satellite. 
For an orbit of small eccentricity e, the rate of 
change of period dT7/dt is given by : 
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{1 + 0(e)} 


where pp is the air density at perigee, H the atmo- 
spheric scale height, a the semi-major axis of the 
orbit, Cp the drag coefficient (usually taken as 2) 
and m the mass of the satellite. Since the changes 
in a and ¢ are very slow, it is pp and S, and to a lesser 
extent H, which are likely to be responsible for 
irregularities in d7'/dt. 

Table 1. COMPARISON OF ORBITAL ELEMENTS FOR Sputniks 2 AND 3 


1958 Aug. 1.0 
19586, 19584, 


1958 May 15.3 
19586, 19586, 


Date 
Satellite 
Eccentric- 


ity, e 0-110 
Perigee dis- 


0-111 0-094 | 0-106 
3,555 
29° N. 
65 -2° 


3,556 
29° N. 
65 


3,557 3,557 
51° N. | 50° N 
65-33° | 65-2° 


3,557 
50° N. 


to equator 65 


‘ bone ag distance is from the centre of the Earth. 1 nautical mile, 

In providing the prediction service for Sputniks 2 
and 3, it has been necessary to keep day-to-day 
records of 7’, the value of which is usually obtained! 
correct to 1 part in 20,000. Fig. 1 shows the variation 
of T with time for each of the satellites during the 
first three months after launching, while Table 1 
gives values of other relevant orbital elements, at 
launch and at one later time. 

It will be seen that on all three curves in Fig. 1 
a marked change in slope occurs when perigee is at 
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a latitude near 30° N., the value of —d7'/dt increasing 
by a factor of 1-35 + 0-02. Also from Table 1 it 
appears that the orbits of the three satellites were 
very similar near the time of the change, and in 
particular that the perigee heights were almost 
identical. 

When information was available only on Sputnik 2, 
it was not possible to say whether the abrupt change 
in slope was caused by a change in S or in ppv/H. 
But now the same phenomenon has occurred with 
three satellites of widely differing mass, shape and 
size, and it is scarcely credible that all three should, 
when their perigee latitude was near 30°N., have 
altered their mode of rotation so as to change their 
effective cross-sectional area by the same factor. The 
more plausible explanation is that p»1/H increases 
quite sharply when going south near latitude 30° N., 
and since H would tend to increase if py increased, 
it seems probable that the air density at a height of 
120 nautical miles (220 km.) increases considerably 
somewhere between latitude 35° N. and 28° N. 

If this conclusion is correct, a similar change in 
slope would be expected with the rocket of Sputnik 1 
(1957«,). The information available to us on this 
satellite is not sufficiently accurate to provide a test. 
Any similar changes in the United States satellites 
1958«, 19588 and 1958y would not be so readily 
observable because the movement of perigee is much 


more rapid. 
D. G. Kinc-HELE 
D. M. C. WALKER 
Royal Aircraft Establishment, 
Farnborough, Hants. 
Aug. 21. 
1 King-Hele, D. G., and Leslie, D. C. M., Nature, 181, 1761 (1958). 


Observation of a Solar Flare at 4-:3-mm. 
Wave-length 


During a programme of solar observations at a 
wave-length of 4-3 mm., scans were made across the 
Sun on September 25, 26 and 27, 1957. The radio 
telescope used for these observations has a half-power 
beam-width of 6-7 minutes of arc. The antenna 
reflector is an aluminium paraboloid, 10 feet in 
diameter with a focal length of 35-8 inches. The 
receiver is mounted on the back of 
the antenna and is a Dicke-type 
radiometer consisting of a super- 
heterodyne receiver preceded by a 
motor-driven attenuator wheel. This 
radio telescope has been described 


=3 
“2 


Sept. 26, 
1957 
1939 U.T. 


27, 
1957 

1756 U.T. 
4-3-mm. solar scans across plage region and flare of 


Upper curves, observed scans; lower, quiet 
sun scans for comparison 


Fig. 1. 
importance 8. 


McCullough at the Naval Research Laboratory 
recorded the 9-4-cm. solar radiation on September 26, 
and Fig. 2 is his record of the burst observed coincident 
with the importance 3 flare. The increase in flux at 
9-4 cm.’ was about 40 per cent at 1938. The ob- 
served increase at 4:3 mm. corresponds to a flux 
increase of 0-36 per cent with respect to the entire 
disk. Thus the per cent increase of flux at 4-3 mm. 
was about 1/100 of that at 9-4 em. 

The areas of the plage region before and after the 
flare and the area of the flare were determined from 
H-alpha photographs made with a flare patrol 
camera?. These areas were used to compute the 
average brightness of the plage and flare that would 
produce the observed enhanced radiation at 4-:3-mm. 
wave-length. The average brightness temperature 
for the plage came out to be 8,100° K., which is to 
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m a previous publication’. The 
observations were made by pointing 
the antenna ahead of the Sun and 
locking it in position. The radio- 
meter output was then recorded continuously as the 
Earth's rotation carried the Sun’s image through the 
antenna beam. The scans were made across a large 
plage region located in the eastern part of the solar 
disk. The scans for each of the three days are shown 
in Fig. 1. The observed enhanced radiation from the 
plage region is clearly evident on all three scans. The 
Scan on September 26 was made at the time of the 
maximum of an importance 3 solar flare occurring in 
the plage region. The enhancement recorded on 
September 26 is about twice the enhancement for the 
two scans made on the day before and the day after 
the flare. This indicates that the enhanced radiation 
is from the flare. 
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U.T. 


T 
1930 
Fig. 2. Solar burst, 4 = 9-4 cm., Sept. 26, 1957. Horizontal axis represents sky-level 
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be compared with the 7,000° K. brightness tempera- 
ture’ of the quiet solar disk at 4-3 mm. The bright- 
ness temperature for the flare was 14,400° K. Neither 
the brightness temperature for the flare nor the plage 
is exceedingly high, and therefore it is fairly easy to 
explain the observed enhanced radiation as just 
thermal radiation from the flare area and from the 


plage area. 


Radio Astronomy Branch, 
U.S. Naval Research Laboratory, 
Washington, D.C. Aug. 5. 


1 Coates, R. J., Proc. Inst. Rad. Eng., 40, 122 (1958). 
? Edelson, S., Rep. NRL Progress, 12 (Jan. 1958). 
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Tensile Strength of Indium 


Eppelsheimer and Reitsma’ have recently pointed 
out that a tensile strength of 7-99 tons/in.* hitherto 
ascribed to indium containing 0-29 per cent im- 
purities was really the value for gold containing 
0-29 per cent indium. For this reason they rede- 
termined the tensile properties of 99-97+ per cent 
indium, finding tensile strength 388 Ib./in.*? and 
70 per cent elongation. 

About six years ago, Jaffee and Weiss* reported 
the tensile strength of pure indium (metal as annealed 
one week at 230-266° F.) as 380 lb./in.*, elongation 
22 per cent on 1 in. They make acknowledgment 
to Consolidated Mining and Smelting Co. of Canada, 
Ltd., for permission to publish, so presumably the 
indium used was derived from the latter, which also 
quotes these results in its pamphlet on indium. 

Note added in proof. Since this was written an 
earlier determination has come to light. In 1943, 
A. H. Stang and B. L. Wilson* (Bureau of Standards) 
found a tensile strength of 430 lb./in.* for 99-9 per 
cent metal from the Indium Corporation of America. 

B. FULLMAN 
British Non-Ferrous Metals Research Association, 
Euston Street, London, N.W.1. Aug. 7. 
+ Eppelsheimer, D. S., and Reitsma, jun., L. J., Nature, 182,339 (1958). 
® Jaffee, R. I., and Weiss, 8S. M., Materials and Methods, 36 (3), 113 


(1952). 
* Quoted in Nat. Bur. Stand. Cire. C, 447, ‘‘Mechanical Properties of 
Metals and Alloys”, p. 416 (1943). 


Photoconductivity and Crystal Size in 
Evaporated Layers of Cadmium Sulphide 
Tue photoconductive properties of evaporated 

layers of cadmium sulphide have been the subject of 
relatively few studies as compared with the number of 
those applied to single crystals. Aitchinson! showed 
some years ago that layers obtained by evaporation 
in a very good vacuum (better than 10-* mm.) were 
photoconductive. His results were recently repeated 
by Nelson*, who pointed out the influence of the 
chemical purity of the starting material. In general, 
evaporated layers acquire their optimum photo- 
conductive properties only after an activation 
treatment which may be provided by heating in air* 
or heating in an inert atmosphere after covering by 
a thin evaporated layer of metal as was indicated 
by Veith‘. 

During the investigation of this last process we 
observed a peculiar phenomenon of crystal growth 
in evaporated cadmium sulphide layers. The cadmium 
sulphide was deposited on glass plates the temper- 
ature of which could be controlled during the process. 
It was found that if the temperature was maintained 
at about 200° C. the layers were of microcrystalline 
nature and had a very well oriented structure: an 
X-ray diagram of such a layer, taken with a gonio- 
meter, shows only the 0002 lines and their higher 
orders. The diffraction lines are relatively sharp, but 
the CuK«,, a, doublet is not resolved. That means 
that the individual crystals must have a size of the 
order of 1000 A. If such a layer is covered with a 
film of evaporated silver of thickness approximately 
equal to 100 A. and then heated to 500-600° C. in 
an inert atmosphere it frequently but not always 
ha»pens that the layer recrystallizes and shows, after 
heat treatment, only the 1103 or the 1105 X-ray 
diffraction line. Furthermore, the X-ray diffraction 


lines are then very sharp and the CuK«,«, doublet 
is well resolved even at low angles. 
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Fig. 1. Growth mechanism. The etched area represents a 
recrystallized region in which he direction of growth is from 
a to 


Cadmium sulphide having a hexagonal lattice, it 
is possible to observe the growth of the crystals in a 
glass furnace between two crossed polaroids. Under 
our experimental conditions the growth front velocity 
varied between 0-1 and 0-5 mm. per sec. The 
growth front does not progress as a whole ;_recrystal- 
lization is more or less a local phenomenon and 
it sometimes was observed that the recrystallization 
progressed in small bands perpendicularly to the 
motion of the growth front (Fig. 1). It is certain 
that the silver plays an active part in the process : 
samples partly covered by bands or dots of evaporated 
silver never showed any sign of recrystallization in 
the uncovered parts. Recrystallization was obtained 
with other substances, the first being copper the acti- 
vity of which is similar to that of silver. The others are 
lead, indium, aluminium, bismuth, zine and even 
zine sulphide. The size of the crystals obtained with 
these last substances is relatively small, whereas those 
obtained with silver could be as large as the sample 
itself, that is, 12 mm. in diameter. 

The photoconductivity of these layers seems to be 
very sensitive to traces of impurities, and the con- 
nexion between recrystallization and photoconduc- 
tivity can only be expressed in a statistical form: 
seventy samples which had been activated in the 
same way were examined. Some of them were 
recrystallized, others not. The ratio of the electrical 
conductivity under an illumination of 100 lux to the 
dark conductivity was used as a quality factor. The 
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experimental range of quality factors was from 1 to 
10°. This scale is divided into intervals, and in each 
interval one plots separately the per cent of recrys- 
tallized and unrecrystallized samples (Fig. 2). Good 
samples are found only among the recrystallized 
samples. Furthermore, a careful examination of the 
specimens indicates that the quality factor and the 
absolute intensity of the photocurrent are the highest in 
the samples with the largest and most perfect crystals. 

Financial support for this work was provided by 
the Union Carbide Corporation. 

J. M. 
J. Van CAKENBERGHE 
Buropean Research Associates 8.a., 
95 rue Gatti de Gamond, 
Brussels. June 27. 
1 Aitchinson, R. E., Nature, 167, 812 (1951). 
* Nelson, R. C., J. Opt. Soc. Amer., 45, 774 (1955). 
+ Forgue, 8. V., Goodrich, R. R., and Cope, A. D., R.C.A. Rev., 12, 
335 (1951). 

‘ Veith, M., C.R. Acad. Sci., Paris, 236, 947 (1950). 


Identity of lons in Some Flames 


Some results reported in a previous communication 
in Nature? have shown the possibility of mass spec- 
trometric identification of the ions present in some 
flames. More results have now been obtained which 
suggest @ comparison between different kinds of 
flames burning at a pressure of about 10 mm. mercury 
instead of the pressure of 40 mm. chosen in our 
earlier experiments. 

The bare determination of the mass number of the 
observed peaks is not sufficient to identify unam- 
biguously the corresponding ions; however, by 
burning partially deuterated fuel, the hydrogen 
content of the ions can be carefully checked. 

The ions described here are given in sequence of 
decreasing abundance. The figures under the heading 
“Hydrogen content”? are the number of hydrogen 
atoms contained in each ion; thege figures are, of 
course, one unit less than the number of peaks into 
which the original single peak is split when partially 
deuterated fuel is burned. Furthermore, it was 
shown that the relative intensity of the split peaks 
corresponds fairly well to what can be estimated 
from the percentage of deuterium in the fuel molecule. 
All results reported here (Table 1) concern flames 
which are being propagated in undiluted mixtures 
rich in fuel (except when otherwise stated); the 
flames were kept as near as possible to the hole 
through which the ions are extracted. 

From these results, the following conclusions may 
be derived: (1) There seems to be a tendency for H+ 
to be attached to polar molecules such as H,O, NH, 
and HCN. (2) NH,+ can be formed as soon as the 
flame is propagated in a mixture where nitrogen is a 
part of the fuel or of the oxidizer molecule. (3) Once 
too great an amount of NO is present in the burned 
gases, most of the ions are NO+. This is probably 
due to the lower ionization energy of NO (charge 
transfer in the flame front). 

This last point is confirmed by the following 
observation : peak intensities decrease when the ions 
are sampled at a larger distance ahead of the flame : 
the rate of this decrease is not the same for all ions 
and, in some cases, one observes first for NO + a slight 
increase after which, because of recombination, the 
normal decrease is observed. 

We have not systematically extended our investi- 
gations beyond 45 mass units. Some higher masses 


Table 1 


| 
ncon- | Identity 
ofion 


Remarks 


5 Only in flames diluted 
with nitrogen and at a 
rather higher pressure 
(at least 25 mm. mer- 


cury) 

Only in rich flames 

Does not ap) when 


no nitrogen is added to 
the flame 


The masses 19, 37 and 39 correspond to about 95 per cent of the 
total ion concentration. 

Very weak peaks are noticed at masses 13, 14, 17, 18, 24, 26, 28 
and 43 (less than 0-1 per cent). 


At least 90 per cent 


Only in rich mixtures 


Too weak to check 
hydrogen content 


Very weak peaks at masses 26, 31, 41, 44 (less than 0-1 per cent). 


CH,/0; 19 3 H,0+ 
29 1 COH+ | Only about 1 per cent 


C,H./ O02 
with about 


1 per cent 
NE, 


More or less the same mass spectrum as in the 
case of C,H,/N,O flames; however, the NOt+ 
peak is relatively weaker. 


The ratio H,CN+/NO* is about the same in both 
cases, NH,* is less important with the addition 
of HCN than of NH;. 


are reported by P. F. Knewstubb and T. M. Sugden? ; 
in our low-pressure flames the corresponding peaks 
are absent or much weaker than those observed by 
these authors on flames burning at atmospheric 
pressure. 

This work has been sponsored in part by the 
Aeronautical Research Laboratory Wright Air 
Development Center of the Air Research and Develop- 
ment Command, U.S. Air Force, through its European 
Office (Contract No. AF'61(514)-1099. 

J. DECKERS 
A. vAN TIGGELEN 
Université de Louvain. 
Nature, 181, 1460 (1958). 
* Nature, 181, 474 and 1261 (1958). 


Gas Chromatograph as a Methanometer 
in the Coal Industry 


Gas-soLip chromatography has now found accep- 
tance for the determination of hydrogen in mine 
atmospheres. The instruments developed for this 
purpose also give a complete separation of methane. 
An investigation was therefore undertaken to determ- 
ine the possibility of using the existing instruments 
for routine or emergency estimation of methane in 
cases where the higher accuracy of the Haldane 
apparatus was not necessary, or when the use of 
volumetric combustion methods was not practicable. 
For routine use the gas chromatograph has the 
advantage of speed and specificity, and moreover it 
can be operated by semi-skilled personnel. 

The apparatus used in these experiments was the 
gas chromatograph for the determination of hydrogen 
in mine airs, developed by the National Coal Board 
(North-Western Division) for use in its Area 
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19 3 H,0* | : 
37 
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39 3 C,H,* 
29 7 COH+ 
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Laboratories. This is similar to the instrument 
described by me in an earlier communication!, using 
active carbon column packings and nitrogen as the 
carrier gas, and differing only in that while the 
columns and detector of the earlier instrument were 
maintained at 30° + 0-05° C., in later instruments 
no thermostat was used, columns and katharometer 
being immersed in an oil-bath containing 6-5 1. of 
transformer oil. Even when room temperature is 
varying quite rapidly, the high thermal capacity of 
the oil-bath serves to maintain the temperature of 
the columns and katharometer reasonably constant 
during the short time required for the separation. 
After calibration with a standard methane/nitrogen 
mixture, a number of analyses may be carried out 
before re-standardization becomes necessary. 

The experiments were carried out using a number 
of methane/nitrogen mixtures, with methane contents 
in the range 0-65-94-8 per cent. The composition of 
these mixtures was established from repeated volu- 
metric combustion analyses using a Haldane appara- 
tus, after dilution of the samples with the necessary 
volume of air. 10 ml. samples were taken for analysis 
by gas chromatography. 

Plotting peak height against methane concentra- 
tion, the curve shown in Fig. 1 was obtained. In the 
range of methane concentration 0—5 per cent the 
curve is nearly linear; from 5-45 per cent there is 
considerable curvature, while above 45 per cent the 
curve again becomes almost linear. The occurrence 
of two linear regions seems to follow from the varia- 
tion of peak width with component concentration. 
Samples containing up to 5 per cent methane give 
peaks of practically constant width. Above 5 per 
cent, the methane peak ‘tails’, the peak width 
increasing rapidly with concentration up to about 
45 per cent methane; further increase of methane 
concentration up to 95 per cent gives only a very 
slight increase in peak width, and the relationship 
between peak height and concentration is again 
linear, though the extrapolation of this line does not 
pass through the origin. The change in the shape of 
the methane k with concentration is shown in 
Fig. 2. No theoretical explanation can be offered for 
the constant width of the peak for concentrations 
above 45 per cent. Further ‘randomized block’ 
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ration 
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(8) (c) 


Fig. 2. Changes in peak shape with methane concentration. 

(A) shows constant peak width over range 0-5 per cent methane, 

(B) shows increase in peak width from 40 per cent, (C) nearly 
constant peak width above 45 per cent 


experiments covering the concentration ranges 0-5 
and 45-100 per cent confirmed the linearity in these 
regions, and indicated that the precision of a single 
determination in the 0-5 per cent range was +0-08 
per cent, and +1-2 per cent in the 45-100 per cent 
range. Fortuitously, the methane/air mixtures, 
which are of the greatest importance in the coal 
industry, namely, mine airs and methane drainage 
gases, in general have methane contents lying within 
the linear regions. If peak areas rather than peak 
heights are measured, the response/concentration 
curve becomes almost linear over the whole range, 
but the precision is slightly less, because of additional 
error introduced in the measurement of the areas. 
Clearly, for the purpose of routine analysis, it is 
advantageous if measurement of peak height can be 
substituted for measurement of peak areas. Which- 
ever measurement is taken, the method has consider- 
able scope for the analysis of mine airs, including fire 
and methane drainage gases, since it provides a rapid 
and specific determination of both hydrogen and 
methane on one sample. 

The gas chromatograph appears to be a valuable 
analytical tool for the determination of methane in 
methane drainage gases on account of its specificity, 
since other hydrocarbon gases are frequently present ; 
this makes a methane determination by the volu- 
metric combustion method lengthy and of doubtful 
accuracy. In this connexion it may be noted that 
ethane, in amounts of 1-6 per cent, appears to be 
a normal constituent of methane drainage gases from 
collieries in Lancashire and North Wales, a notable 
exception being the gas from Point of Ayr Colliery, 
North Wales, which is free from hydrocarbons other 
than methane. As ethane is not eluted as a recog- 
nizable peak from carbon columns at room tempera- 
ture, separation of ethane and hydrocarbons up to 
C, has been carried out on 3-m. columns of active 
alumina modified with paraffin wax, at temperatures 
between 25° C. and 60° C., using hydrogen as the 
carrier gas. A full account of this work will be 
published at a later date. 

Acknowledgment is made to D. H. Ward for the 
statistical analysis of the experimental results. 

P. WHATMOUGH 
National Coal Board, 
Scientific Department, 
Central Laboratory, 
North-Western Division, 
Shade House, Bolton Road, 
Pendlebury, Manchester. 
July 30. 


1 Whatmough, P., Nature, 179, 911 (1957). 
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Separation of Some Tobacco Alkaloids 
by Gas Chromatography 


Gas chromatography has been employed in separat- 
ing numerous types of compounds, but has not yet 
been applied to the alkaloids, a field where it might 
find particular utility. We wish to report preliminary 
results clearly indicating the usefulness of gas 
chromatography in the study of the tobacco alkaloids. 
Other families of alkaloids having slight volatility 
and good thermal stability may also prove to be 
separable under similar conditions. 

For the stationary liquid phase we found certain 
polyglyeols (Table 1) preferable to the less-polar 
materials, such as ‘Apiezon’ grease and the silicones, 
commonly used in high temperature work. The 
stability and non-volatility of the polyglycols are 
sufficient to permit continuous use of columns for 
several days without appreciable changes in their 
retention ability. The alkaloids were eluted in sharp, 
symmetrical peaks with columns containing the 
polyglycols. 

Table 1 


Columns and conditions 


glycol (a) glycol (6) rycol (c) 
Temperature 190° C. 190° C. 180° C. 
Helium flow 
(ml./min.) 48 45 50 


Retention time (min.) 


3-Pyridyl methyl 
etone 

3-Pyridyl ethyl 
ketone 

3-Pyridyl n-propyl 
ketone 

Nicotine 

Nor-nicotine 


Myosmine 
Anabasine 


CO 


Metanicotine 
Nicotyrine 
Cotinine 


co co 
CORRE 
S 


(a) Molecular weight, 20,000 (Dow Chemical Co.). (b) Molecular 
weight, 1,025 (Union Carbide Chemical Co.). (c) Molecular weight, 1,500 
(Dow Chemical Co.). 


The polyglycol columns exhibited good selectivity 
for the alkaloids, making possible the separation of 
most of the members of complex mixtures. This is 
seen from the retention-time data in Table 1. The 
elution sequence is identical on the polypropylene 
and polybutylene columns, although some relative 
differences in retention times are observable. A 
slightly different sequence was noted for the poly- 
ethylene glycol column. These effects are valuable 
in that a separation of two alkaloids difficult on one 
column may be feasible on another. 

That the structure of the alkaloids had not been 
altered by the rather severe conditions of the gas 
chromatographic technique was established by obtain- 
ing ultra-violet absorption spectra for samples 
condensed from the gas stream as the elution peak 
for an alkaloid, run individually, was being recorded. 
In every case, the collected and starting compounds 
were identical. Paper chromatographic studies, 
using solvent systems S1 and L5 of Kuffner e¢ al.}, 
were also performed in some cases and verified this 
conclusion. 

The Perkin-Elmer Vapor Fractometer, Model 
154-B, modified to include a thermostat for the 
column chamber and a heater on the vent line from 
this chamber, was used in this study. Samples were 
202 aliquots of benzene solutions containing 5- 
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10 mgm. per ml. of the alkaloids. Helium was used 
as carrier gas. The solid support was alkali-washed 
firebrick ; liquid phases were placed thereon in the 
weight ratio of 1 to 4. Columns were U-tubes of 
6 mm. outside diameter glass tubing, 1 m. long. 
The helium flow was determined at the vent with a 
soap-bubble meter at room temperature. 

The alkaloid fraction of cigarette smoke is being 
investigated with the techniques described here. 
Results will be published in a subsequent paper. 

We are indebted to the American Tobacco Com- 
pany and to Drs. R. F. Dawson and R. N. Jeffrey 
for generous gifts of alkaloids. This work was 
supported by a grant from the Damon Runyon 


Memorial Fund. 
Louis D. Quin 
Department of Chemistry, 
Duke University, 
Durham, North Carolina. 
Aug. 5. 


1 Kuffner, Schick and Biihn, Monatsh., 87, 749 (1956). 


Complex Phospholipids 

ReEcEntT work has revealed the existence of hitherto 
unsuspected phospholipids in addition to the three 
major components, lecithin, phosphatidyl ethanol- 
amine and phosphatidyl serine, and two minor com- 
ponents, sphingomyelin and phospho-inositide. Lea, 
Rhodes and Stoll', by chromatography on silicic acid, 
obtained lysolecithin and lysocephalin from egg yolk 
phospholipids, and Marinetti, Erbland and Kochen* 
have shown by paper chromatography that un- 
identified phospholipids were present in a number of 
tissues. This work is supported by the results obtained 
by Dawson* and Benson and Maruo‘. Collins and 
Wheeldon’, working with the N-2 : 4-dinitrophenyl- 
ated and methylated derivatives of the phospholipids 
from rat and sheep brain and rat liver, have shown 
the presence of a fraction of the ethanolamine- and 
serine-containing phospholipids which corresponds 
neither to phosphatidyl ethanolamine nor to phos- 
phatidyl serine. The present work is concerned with 
the presence of additional new and as yet unidentified 
compounds in this fraction. 

Rat liver lipids, after N-2 : 4-dinitrophenylation’ 
and methylation as described by Collins and Wheel- 
don’, were separated into polar and non-polar 
fractions by counter-current distribution in 85 per 
cent (v/v) aqueous ethanol-light petroleum. The 
non-polar fraction was further fractionated by 
ehromatography on ‘Hyflo-Supercel’ (1 mgm. lipid 
to 2 gm. of adsorbent) and four materials containing 
phosphorus separated by elution with the solvent 
sequence, light petroleum, light petroleum-benzene 
mixtures, benzene, benzene—chloroform mixtures and 
chloroform. The characteristics of these four fractions 
are shown in Table 1. 

Chromatography of the polar fraction led to its 
decomposition, but counter-current distribution en- 
abled the isolation of three dinitrophenyl-containing 
compounds and certain of their properties have 
been determined (Table 2). One of these compounds 
has been isolated in sufficient quantity for a full 
analysis and appeared to be homogenous as shown by 
the distribution curve. Sheep brain lipids were found 
to be the best source for its isolation. 

Determination of the molecular weight by an 
isopiestic method* and by the depression of the 
freezing point in cyclohexane indicated values of 
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Table 1. PROPERTIES OF THE PHOSPHOLIPIDS IN THE NON-POLAR 
FRACTIO 


iN OF RaT LIVER 


Phosphatidyl 
ethanolamine 
and serine 


x 


coefficient 


Methanol-petro- 
leum (100-120° C.) 
85 per cent (v/v) 
aqueous ethanol- 
light petroleum 16 
Absorption 
maximum 328 my 
Phosphate as per- 
centage of the total 
lipid phosphate 


06 


0-78 0°33 9°40 


2030 and 2200 respectively. Elementary analysis 
assuming two atoms of phosphorus per molecule 
indicated the empirical formula C, + oP 
The substance contained no free amino-groups, no 
aldehydogenic groups and no sulphur. The absorption 
maximum, due to the dinitrophenyl group, was at 
333-335 my (HZ = 17,200). 

The material was hydrolysed by refluxing with 
ethanolic 2 .N hydrochloric acid for 3 hr. and the 
hydrolysate divided into three fractions: (1) light 
petroleum-soluble ; (2) insoluble in light petroleum 
but soluble in diethyl ether; (3) insoluble in 
diethyl ether but soluble in water. 

Fraction (1) was refluxed with 2 N potassium 
hydroxide (1:1 water-ethanol by volume) for 3 hr. 
and the unsaponifiable material separated by ex- 
traction into diethyl ether ; analysis of this material, 
which constituted 23 per cent of the complex phospho- 
lipid and on which a Liebermann—Burchard test was 
negative, showed the presence of 1-04 hydroxyl-group/ 
mole. The fatty acids were recovered by acidification 
of the soaps and extracted into diethyl ether, and 
yielded 1-92 moles/mole. 

Fraction (2) contained dinitrophenyl-ethanolamine 
(0-95 mole/mole) and dinitrophenyl-serine (0-05 
mole/mole) and no other material containing dinitro- 
phenyl as shown by paper chromatography using 
the solvent systems described by Collins and 
Wheeldon’, 

Fraction (3) contained 1-95 mole phosphorus/mole 
and less than 5 per cent was in the form of inorganic 
phosphate. On paper. chromatography only one 
phosphate spot could be detected and this was 
identical in behaviour with glycerol-1-phosphate in 
five solvent systems. It was thus concluded that 
2 moles/mole of glycerol-l-phosphate were present. 
Paper chromatography also showed the presence of 
choline (0:96 mole/mole) and a reducing sugar 
(0-96 mole/mole) which was either glucose or galactose. 

Fraction (3) contained 0-99 mole/mole and frac- 
tions (1) and (2) together contained 1-09 mole/mole 
of unidentified compounds containing nitrogen. The 
presence of these materials in sheep brain complex 
phospholipid indicates that similar complex phospho- 
lipids may account for some of the unidentified com- 


Table 2. PROPERTIES OF THE AMINO-PHOSPHOLIPIDS IN THE POLAR 
FRACTION OF RaT LIVER AND SHEEP BRAIN LIPIDS 


Fraction 1 2 3 
Partition coefficient in carbon tetrachlor- 
ide/methanol/water (62 : 35 : 3-15 v/v/v) 


(ref. 9) 

Car tetrachloride/chloroform/methy!- 
ene chloride/methanol/water 
(25:15:10: 40:10 by vol.) (ref. 11) 

Amino-nitrogen as percentage of the total 
amino-nitrogen in rat liver lipids 

Amino-nitrogen as percentage of the total 
amino-nitrogen in sheep brain lipids 25 


0-2 
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pounds containing nitrogen that have been described 
in phospholipids in other tissues’. 

This complex phospholipid from sheep brain may 
consist of one molecule of lysolecithin and one mole- 
cule of lysophosphatidyl ethanolamine joined together 
by a compound containing no phosphorus made up 
of the two unidentified residues containing nitrogen, 
the sugar and the fatty alcohol. However, the precise 
nature of this material cannot be determined without 
further chemical studies. 

A full description of this work will be published 
elsewhere. 

F. D. 
Department of Biochemistry, 
John Curtin School of Medical Research, 
Australian National University, 
Canberra, A.C.T. 
July 24. 
1 ia, oH. Rhodes, D. N., and Stoll, R. D., Biochem. J., 60, 353 
eT G. V., Erbland, J., and Kochen, J., Fed. Proc., 16, 837 
* Dawson, R. M. C., Biochim. Biophys. Acta, 14, 374 (1954). 
* Benson, A. A.,and Maruo, B., Biochim. Biophys. Acta, 27, 189 (1958). 
* Collins, F. D., and Wheeldon, L. W., Biochem. J., 66, 441 (1957). 
* Signer, R., Liebigs Ann., 478, 246 (1930). 
? Collins, F. D., and Wheeldon, L. W., Biochem. J. (in the press). 


* Hawke, J. C., Biochem. J., 64, 311 (1956). McKibbon, J. M., Fed. 
Proc. , 16, 835 (1957). Hanahan, D. J., Dittmer, J. C., and Wara- 


shima, E., J. Biol. Chem., 228,685 (1957). 
° or Lathe, G. H., and Ruthven, C. R. J., Biochem. J., 54, 449 


Thyroxine-binding Protein in the Serum 
of Rabbit Foetuses 


HuMAN serum contains a thyroxine-binding protein 
which moves to a position between the «, and a, 
globulins on paper electrophoresis in a barbiturate 
buffer. We have investigated the thyroxine-binding 
power of maternal and foetal serum taken from 
pregnant rabbits at different stages of preg- 
nancy. 1-Thyroxine, labelled with iodine-131 and 
having a specific activity of 5 uc./ugm., was added to 
samples of the serum to give a concentration of 
about 0-05 uc./ml. of serum. Half to one hour later, 
0-02 ml. of the serum was put on to a strip of What- 
man No. 3 MM filter paper and electrophoresis carried 
out as described elsewhere’, using a barbiturate buffer 
at pH 8-6 and ionic strength 0-1. After the current 
had been passed for 18 hr. the papers were dried 
and the position of the radioactivity determined by 
means of a continuously recording scanner. The 
bands of protein on the paper were then stained 
with lissamine green. 

At all the stages of pregnancy examined, the 
radioactivity in the maternal serum was confined 
mainly to a single peak between the albumen and 
the «, globulin (Fig. 1c). In some cases there were 
also small peaks near the region of the §-globulin 
and at the position of the albumen. In the fetal 
sera the protein composition, as revealed by the 
intensity of staining, varied according to the age of 
the foetus. At the 19th day of pregnancy the albumen 
band was much weaker than that in the mother, 
the «, was absent and the «, was stronger than the 
®-band. As the age of the foetus increased, the 
relative intensities of the different bands came to 
resemble more closely those in the mother. Before 
the 30th day the foetal serum showed no radioactivity 
at the position corresponding to maternal thyroxine- 
binding protein, but at all stages from the 19th to 
the 28th days there was a single peak between the 
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Albumen a, a, Y 


Fig. 1. Paper electrophoresis of serum proteins from mother 
and foetus at 25th day of pregnancy. Upper part shows protein 
bands in serum of foetus (4), in a mixture of foetal and maternal 
serum (b) and in maternal serum (c). The distribution of radio- 
activity on each of the three papers is shown by the curves below 


a, and 8-globulins (Fig. la). At the 30th day, the 
foetal serum showed two peaks—one between the 
a, and 8-globulins and a smaller one at the position 
of the maternal thyroxine-binding protein. 

Electrophoresis was also carried out on a mixture 
of equal volumes of serum from a 25-day-old foetus 
and the serum from its mother, after labelled thyrox- 
ine had been added to the mixture. Two separate 
peaks of radioactivity were observed—one between 
the «,- and 6-globulins and the other at the position 
of the maternal thyroxine-binding protein (Fig. 16). 

The relative amount of thyroxine bound by the 
fetal and maternal binding proteins at different 
stages of pregnancy was studied in vitro by comparing 
the heights of the two peaks of radioactivity in 
mixtures of foetal and maternal serum. At increasingly 
early stages of pregnancy there was a decrease in the 
ratio of the height of the foetal to that of the maternal 
peak of radioactivity. At the 19th day radioactivity 
at the position of the foetal binding protein was 
searcely discernible in a mixture of the foetal and 
maternal sera; by the 28th day the height of the 
peak between the a,- and $-globulins was almost half 
as high as that behind the albumen. 

We conclude that the specific thyroxine-binding 
protein of adult serum is not t in the foetus 
until about the 30th day, but that the foetal serum 
contains one or more binding proteins with an electro- 
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phoretic mobility intermediate between that of the 
%,- and 8-globulins. Binding power is present in the 
serum of 19-day-old foetuses, but at this stage of 
pregnancy it is much weaker than that in the maternal 
serum. By the end of pregnancy, the binding power 
of the foetal serum is nearly half as great as that of 
the mother’s serum. 

It has been shown that when thyroxine is injected 
into the maternal circulation in early pregnancy, 
very little appears in the foetal circulation®*. If, 
however, the injection is made at later stages of 
pregnancy, increasing amounts of thyroxine reach 
the foetal circulation’. This apparent increase in the 
permeability of the placenta to thyroxine may be 
explained by the increasing binding power of the 
foetal serum. Thus, if the placenta were at all times 
permeable to unbound thyroxine, but impermeable 
to bound thyroxine, thyroxine injected into the 
mother should distribute itself between the maternal 
and foetal circulations in the ratio of their respective 
binding powers. 

CaRLos Osorio 
N. B. Myant 


Medical Research Council, 

Experimental Radiopathology Research Unit, 
Hammersmith Hospital, 
London, W.12. 
1 Gordon, A. H., Gross, J., O’Connor, D., and Pitt-Rivers, R., Nature, 
169, 19 (1952). 

* Myant, N. B., J. Physiol., 185, 426 (1957). 
* Hirvonen, L., and Lybeck, H., Acta Physiol. Scand., 36, 17 (1956). 
‘Hall, P. F., and Myant, N. B., J. Physiol., 188, 181 (1956). 
5 Myant, N. B., J. Physiol., 142, 329 (1958). 


An Indirect Action of Angiotensin | on 
Smooth Muscle 


THE stimulatory action of angiotensin I (angiotonin, 
hypertensin) on isolated ileal segments was investig- 
ated to determine whether this action is entirely a 
direct one on the muscle fibre. Some evidence for an 
indirect action was obtained mainly by the use of 
botulinum toxin, which causes functional cholinergic 
denervation of the muscle. 

The tissue was left in contact for 30 min. with 
10 mgm. of toxin type A (equivalent to 2-5 x 10’ 
mouse L.D50) or for 60 min. with 100 mgm. of toxin 
type D (equivalent to 3 x 10° mouse LD50) in 
2-3 ml. bathing fluid at 37°C. The contractions of 
the longitudinal muscle of rabbit ileal segments in a 
10 ml. bath to doses of 0-15—0-2 ugm. acetylcholine, 
5-10 pgm. nicotine and 0-5-3-0 Indianapolis units 
of angiotensin I (4 min. contact), which were equi- 
active before toxin treatment, were compared after 
toxin. In four out of four experiments the responses 
to acetylcholine remained unaltered, those to nicotine 
were abolished and those to angiotensin were markedly 
reduced or abolished. Moreover, in four out of four 
preparations without toxin treatment, the addition 
of the true cholinesterase inhibitor BW 284051 
(2 x 16-7 gm./ml.) potentiated the responses to both 
nicotine and angiotensin and, in three out of three 
experiments, hexamethonium (3 x 10-*) reduced the 
responses to angiotensin by an average of 50 per cent 
although those to acetylcholine control doses were 
not reduced. 

On the only occasion on which it was tested, type D 
toxin did not alter the slow contraction of guinea pig 
ileum to angiotensin ; however, it completely abol- 
ished the quick contraction which occurred on 
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washing out angiotensin from the bath. No similar 
quick contractions on washing out angiotensin were 
observed in rabbit ileal preparations. 

Thus it appears that at least part of the action of 
angiotensin I on some isolated ileal preparations is 
indirect, being mediated through cholinergic neurones. 

We wish to thank Dr. O. M. Heimer of Indianapolis 
for a supply of angiotensin I and Dr. J. Keppie of 
Porton for the botulinum toxin. 

P. A. RosEertTson 
Dana RvuBIN 
Department of Pharmacology, 
University of Sydney, 
New South Wales. 
July 18. 


Sorbitol Dehydrogenase in Spermatozoa 


Ir has been shown previously that the addition of 
sorbitol to actively respiring suspensions of washed, 
motile ram spermatozoa causes an increase in the 
consumption of oxygen, accompanied by an oxidative 
conversion of sorbitol to fructose and followed by the 
wrobic glycolytic breakdown of fructose to lactic 
acid'. More recently, it was established that sorbitol, 
like fructose, actually occurs as a normal constituent 
in the seminal plasma of ram, bull, man and certain 
other species*. These findings make it highly probable 
that lactic acid, which accumulates in normal semen 
on aerobic incubation in vitro, is in fact in part the 
product of direct glycolysis from preformed seminal 
fructose, but partly also originates from the meta- 
bolism of sorbitol via fructose. 

In the course of experiments designed to elucidate 
the mechanism of sorbitol oxidation it was noted 
that not only are ram spermatozoa able to oxidize 
sorbitol, either in the presence of molecular oxygen 
or artificial electron acceptors, such as triphenyl- 
tetrazonium chloride, but that they are also capable 
of reducing fructose to sorbitol, both aerobically and 
anaerobically. The reduction of fructose to sorbitol 
probably explains our observation that the content 
of sorbitol in freshly ejaculated ram semen is apt to 
increase on standing. When instead of fructose, 
glucose is added to a washed sperm suspension, a 
reduction to sorbitol also occurs, but at a much 
lower rate. 

In an attempt to extract the enzyme responsible 
for the oxido-reduction of sorbitol to fructose, various 
methods were used such as grinding the sperm with 
glass powder, freezing and thawing, shaking in a 
Mickle disintegrator, preparation of acetone-powder 
and treatment with hypotonic solutions and deter- 
gents. None of these procedures, however, yielded 
& positive result. A partial disintegration of sperma- 
tozoa, accompanied by the appearance of small 
quantities of a soluble enzyme, was achieved by the 
use of the Mullard magnetostriction transducer Type 
E'7590B at 500 watts and 25 kce./s. for 10 min. Finally, 
however, a method has been elaborated which makes it 
ogg” to prepare the enzyme in a completely soluble 

This was accomplished by applying a treat- 
ment similar to that developed by McIlwain for the 
preparation of cell-free extracts from certain bacteria*. 
The well-washed and sharply centrifuged ram sperma- 
tozoa were ground with lavigated aluminium oxide 
(Hopkin and Williams Ltd.) and this was followed by 
extraction with cold 0-025 M phosphate buffer, 
pH 7-3. On centrifugation of the extracts, first in a 
refrigerated M.S.E. centrifuge and afterwards in a 
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Extinction at 340 mz (A Ego) 
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Time (min.) 


Re Oxidation of sorbitol by the sorbitol dehydrogenase 
ined from ram spermatozca. e oxidation of sorbitol was 
followed by measuring spectrophotometrically the extinction at 
340 mz, due to reduced diphosphopyridine nucleotide, in a 1-cm.* 
cuvette. The reaction mixture (3 ml.) contained 1 umole diphos- 
phopyridine nucleotide, 100 umoles of sorbitol, 60 ugm. enzyme, 
and 0-033 M tris buffer, pH 8-6. The control mixture, from 
which sorbitol was omitted, did not reduce diphosphopyridine 
nucleotide. The re-oxidation of reduced diphosphopyridine 
nucleotide was carried out by the addition of 50 wgm. of crystalline 
alcohol dehydrogenase from yeast and 80 ymoles of 
acetaldehyde 


‘Spinco’ preparative centrifuge (for 45 min. at 
40,000 r.p.m.), clear solutions were obtained, approxi- 
mately 30 ml. for each 10 ml. of ram semen used. 
The solutions thus obtained showed on _ spectro- 
photometric examination a ratio of about 0-5 between 
light extinction at 280 and 260 my. 
Treatment with protamine sulphate produced a 
voluminous precipitate which, however, could be 
removed without affecting the content of the enzyme. 
The filtrates, exhibiting a markedly higher ratio 
between and were used for further 
fractionation. 

The soluble enzyme prepared from spermatozoa 
required diphosphopyridine nucleotide (DPN) for the 
following reversible reaction : 


sorbitol + DPN*+ = fructose + DPNH + H* 


Triphosphopyridine nucleotide was unable to replace 
diphosphopyridine nucleotide in the above reaction. 
The rate at which diphosphopyridine nucleotide was 
reduced is shown in Fig. 1, whence it can also be seen 
that reduced diphosphopyridine nucleotide formed 
during the oxidation of sorbitol could be rapidly 
re-oxidized by the addition of acetaldehyde and the 
diphosphopyridine nucleotide-specific alcohol dehy- 
drogenase from yeast. The amount of keto-sugar 
formed from sorbitol in the presence of the sperm 
enzyme was determined colorimetrically‘ and found 
to be slightly less than the stoichiometrical equivalent 
of reduced diphosphopyridine nucleotide. 
The partially purified sorbitol dehydrogenase 
prepared from spermatozoa appears to be similar in 
its mode of action to the enzymes previously obtained 
from the rat liver’ and male accessory organs*”. At 
the optimal pH (8-6) the observed zero-order rate 
of the oxidation catalysed by the sperm © was 
highest with p-sorbitol and decreased in the order 
L-iditol > p-xylitol > p-ribitol > p-mannitol. Gly- 
cerol, meso-inositol, i-erythritol and t-arabitol were 
not oxidized. As the reverse reaction, 
namely, the reduction of various sugars to the corre- 
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sponding polyols, only fructose, and to a smaller 
extent, sorbose, werereduced. p-Glucose, D-mannose, 
p-ribose and 2-desoxy-D-glucose were not reduced, 
while L-xylose was reduced only very slightly. 

The chemical equilibrium in the oxido-reduction 
shown by the equation favours much more the 
formation of sorbitol from fructose than the reverse 
process. In intact spermatozoa, however, the steady 


state of the reversible conversion of sorbitol to - 


fructose must depend closely on the actual ratio 
between diphosphopyridine nucleotide and its reduced 
form present within the sperm cells. This ratio in 
turn must be related to the rates at which the 
various metabolic processes catalysed by diphospho- 
pyridine nucleotide proceed in the semen. Among 
the oxidizable substrates present in semen, fructose 
and sorbitol occur in particularly large but, at the 
same time, variable concentrations. It is conceivable, 
therefore, that the respective levels of fructose and 
sorbitol in semen influence the ratio between the 
oxidized and reduced form of diphosphopyridine 
nucleotide as governed by the sorbitol dehydrogenase 
in spermatozoa. 
We wish to thank Dr. R. Davies for help in per- 
forming experiments with the magnetostriction 
transducer, Dr. A. Walton for collection of semen, 
and Drs. F. Isherwood and N. K. Richtmyer for gifts 
of iditol. 
Tsoo E. Kine* 
T. Mann 
Agricultural Research Council. 
Unit of Reproductive Physiology 
and Biochemistry, 
Molteno Institute and School of 
Veterinary Medicine, 
University of Cambridge. 
July 17. 


* Senior Post-doctoral Fellow, U.S. National Science Foundation, 
and John Simon Guggenheim Fellow, on leave from Oregon State 
College, Corvallis. 
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Internat. Congr. Biochem., Vienna, 77 (1958). 
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Specificity of Agglutinins in Milk 

Heinemann and Glenn! observed that certain 
bacteria were agglutinated in milk serum and con- 
cluded that this was possibly related to the germicidal 
action of milk. Chambers? made similar observations 
but could find no correlation between agglutination 
and germicidal action. Hobbs* examined a variety 
of milk organisms and attributed the clumping effect 
of milk on some of them to agglutinins which were 
probably non-specific. More recently, Wright and 
Tramer* demonstrated that certain organisms noted 
for slow acid production in activity tests of cheese 
Starters were agglutinated in heat-treated milk. The 
lag in acid production was shown to be due not to 
agglutination but to the removal of the agglutinated 
organisms by the rising cream. 

A number of fast and slow acid-producing strepto- 
coceal cultures were examined in this Laboratory for 
agglutination in raw whole milk, and in all cases 
the ‘slow’ cultures were shown to be agglutinated. 
To establish whether agglutination was specific, 
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Table 1. SPECIFICITY OF CERTAIN AGGLUTININS IN MILK 


Lactic acid (per cent) Ring test 
Medium | ML1 KH DR? C10.| 
Fast | Slow | Slow | Slow 
strain | strain | strain | strain 
Autoclaved 
whole milk 0-82 0-66 0-78 | 0°75 —_ as 
Raw whole 
milk (RWM) 0-89 | 0-33 0-42 | 0°34 
RWM plus ab- 
sorbing anti- 
gen: 
C10 0:89 | 0-38 | 0°52 | 0:37 - + 
0-85 | 0-69 | 0-50 0°38 
KH 0:36 0-40 0-66 | 0°36 
DR7 0-85 0°34 0°48 0-44 


absorbing antigens were prepared by sterilizing cul- 
tures of the test organisms in papain-digested milk 
with ethylene oxide. After centrifuging, the absorp- 
tion test was carried out by resuspending the cells 
in low-count raw whole milk and incubating at 
52°C. for 1 hr. These milks were then inoculated at 
the rate of 10 per cent with standardized inocula 
of the test organisms and acid production determined 
after incubation at 30° C. for 6 hr. by titration with 
N/9 sodium hydroxide to the phenolphthalein end- 
point. Specificity of agglutination was further 
demonstrated by a ring test using coloured antigen‘. 
Results are shown in Table 1. 

The marked increase in acid production by the 
slow cultures ML1 and KH when grown in milk 
previously absorbed with homologous antigen is clear 
evidence of specificity. The relatively small increase 
in the case of DR7 may be due either to a high 
agglutinin titre or incomplete absorption by the 
added antigen. All the slow cultures show a small 
non-specific increase in acid production in milk 
treated with absorbing antigen. This, however, is 
of a quantitatively lower order than that due to 
specific absorption. 

Full details of this work will be published elsewhere. 

My thanks are due to Prof. J. M. Vincent and 
Dr. Y. T. Tchan for their advice, and to Miss Anne 
Curley for technical assistance. 

J. 

Milk Research Laboratory, 

Faculty of Agriculture, 
University of Sydney. 
June 30. 


1 Heinemann, P. G., and Glenn, T. H., J. Infect. Dis., 5, 584 (1908). 
* Chambers, W. H., J. Bact., 5, 527 (1920). 

* Hobbs, Betty C., J. Dairy Res., 10, 35 (1939). 

‘Wright, R. C., and Tramer, J., J. Dairy Res., 24, 174 (1957). 


5 Ministry of Agriculture and Fisheries Veterinary Laboratory, W.H.O. 
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Vitamin B,2 and Cobalt Concentrations in 
Livers from Healthy and Cobalt-deficient 
Lambs 


Durine field investigations into cobalt deficiency 
we collected pasture samples from experimental 
paddocks at intervals for cobalt analyses, and at the 
end of the trials made comparisons of the vitamin B,, 
and cobalt concentrations in the livers of healthy 
lambs not given cobalt, cobalt-dosed lambs, and other 
groups showing various stages of cobalt-deficiency 
disease. Results are shown in Table 1. 

Assessments of the cobalt status of pastures were 
based on a previously estimated minimal level con- 
sidered necessary to satisfy the cobalt requirement 
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Table 1 
Lamb data Liver determinations 
Vitamin B,, Cobalt 
Group | Cobalt status | No.in | Cobalt | Clinical | Stage of | (#8m./em. fresh (wgm./em. dry 
of pastures | Sroup | dose tissue) weight) 
Range Mean Range Mean | Range | Mean 
A Adequate 
throughout 12 None Normal Healthy 0-39-1-1 0-65 0-08-0°16 0-11 0-7-1:0 0-8 
B Low, increasing 10 7mgm./ | Normal Healthy 0 -32-0 -96 0-58 0-27-0-60 0-35 0-1-0'5 0:3 
to adequate = 
wee 
C 11 None Normalt | Recovered | 0:19-0-60 0-31 0:05-0:12 0-08 0-4-0°9 0-6 
equa 
D Low throughout 15 None Unthrifty phonenate 0-026-0-097 | 0-062 | 0-02-0-06 0-03 0-1-0°6 0-4 
oO severe 
E Low throughout 10 None Mertunt Extreme 0 -008-0-068 | 0-036 0-02-0-08 0-03 | <0-1-0-4; 02 
or 


* At slaughter or death. f Unthrifty two months previously. 


of lambs'. The stage of deficiency for each group was 
assessed partly from pasture cobalt status but 
mainly from changes in weight or deaths. Vitamin B,, 
was extracted from livers by steaming with cyanide* 
and assayed with Lactobacillus leichmannii®. Cobalt 
concentrations in pasture and liver samples were 
determined by a nitroso-R-salt colorimetric method‘. 
B,, cobalt/total cobalt ratios were calculated from 
vitamin B,, values converted to a dry-weight 
basis and the cobalt content (4-3 per cent) of the 
vitamin. 

Results for groups A and B show that vitamin B,, 
concentrations in the livers of healthy lambs exceeded 
0-30 pgm./gm. Since lambs in group C acted as con- 
trols to those in group B it is apparent that cobalt 
dosing approximately doubled the mean vitamin B,, 
concentration. From results for group C it appears 
that a mean vitamin B,, value of about 0-30 ugm./gm. 
can be consistent with a recent history of cobalt- 
deficiency disease. Results for groups D and HZ show 
that definite cobalt deficiency disease was associated 
with livers in which vitamin B,, concentrations were 
less than 0-10 ugm./gm. Although the ranges of vita- 
min B,, values for groups D and E overlapped, the 
mean for the latter group was only about half that for 
the former. Corresponding mean cobalt values were, 
however, the same for both groups. This suggests 
that vitamin B,, assays reflect more closely than do 
cobalt estimations differences between acute cobalt 
deficiency causing death and lesser degrees of de- 
ficiency. 

B,, cobalt/total cobalt ratios for livers from 
group A show that most, and in some cases vir- 
tually all, of the cobalt in the livers of healthy lambs 
not receiving cobalt was in the form of vitamin 
B,,. In contrast, most of the cobalt in the livers of 
cobalt-dosed lambs (group B) tended to be in some 
form other than vitamin B,,. This seems best 
explained as due to inability of the rumen organisms 
to convert more than a small fraction of the dosed 
cobalt to vitamin B,,. A comparison of the ranges 
and means of B,, cobalt/total cobalt ratios for livers 
from groups CO, D and £ with corresponding results 
for group A suggests that cobalt deficiency results 
in a greater reduction of vitamin B,, cobalt than of 
non-vitamin B,, cobalt and that the magnitude of 
this effect is dependent upon the severity of the 
disease. Similar results from British work (Phillipson, 
A. T., Porter, J. W. G., Ford, J. E., and Holdsworth, 
E. S., private communication) support this con- 
clusion. 

Details of these experiments and of others concern- 
ing the diagnostic use of vitamin B,, determinations 


will be submitted to the New Zealand Journal of 
Agricultural Research for publication. 


E. D. ANDREWS 
L. I. Hart 
B. J. SrepHEeNson 


Wallaceville Animal Research Station, 
Wellington, New Zealand. 
July 25. 
* Andrews, E. D., Stephenson, B. J., Faithful, W. C., and Anderson, 
J J. Agric. Res., 1, 125 (1958). 
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Ingestion of Ethylenediaminetetraacetic 
Acid and the Effect on Life Span of 
Irradiated and Control Habrobracon 

Females 


Tue effect of chelating agents on recovery and 
longevity of irradiated animals has aroused consider- 
able interest. Versene-type compounds are used for 
the decontamination of radioactive areas and inter- 
nally for treatment of poisoning by heavy metals**. 
Mouse injections have resulted in improved post- 
irradiation survival’, whereas cytological studies on 
plant cells have demonstrated that treatment with 
ethylenediaminetetraacetic acid (EDTA) prior to 
irradiation increases the yield of radiation-induced 
chromosome aberrations‘. 

During a study of the genetic damage induced in 
the reproductive tissues of Habrobracon females by 
chelating agents and X-irradiation®, considerable 
information was obtained on the life-span of treated 
females. The results of five such experiments will 
be reported here. 

Freshly eclosed virgin Habrobracon females were 
starved for 3-5 days prior to feeding, or until dorso- 
ventral flattening of the abdomen was clearly visible. 
Groups of females were then fed either from & 
saturated sugar solution (controls), or from a s 
solution of the disodium salt of ethylenediaminetetra- 
acetic acid (0-1 M), which was further diluted with 
saturated sugar solution to ensure palatability. After 
single feedings, females were placed in Stender dishes 
and provided with host larve of Ephestia kuhniella, 
which the females parasitize. Host larve were 
replenished daily. Females were maintained under 
optimum conditions without further treatment for 
the remainder of their life-span. 


bom 
i 
| 
+ 
wes | 
| 
| | 
j | 
| 
| | | 
= 
3 
? 
4 


of 


=F 


& 


Table 1. E¥FFEOT OF INGESTED ETHYLENEDIAMINETETRAACETIO 
AcID AND X-IRRADIATION ON MEAN LIFE-SPAN OF Habrobracon 
| 
| Experiment Treatment Mean longevity Standard 
| (days) error of mean 
A Controls 27-5 1-94 
2,500 r. 27-1 2-08 
0-09 M EDTA 16°3 2-74 
Both* 9-11 2-82 
B Controls 22°8 2°75 
| 2,500 r. 22-9 1-08 
0-075 M EDTA 16°5 2-37 
Both* 12-4 2-49 
Cc Controls 24-1 1-85 
1,530 r. 25°1 0-34 
0-075 M EDTA 10-03 1°55 
Both* 9-82 0-44 
D Controls 22-6 1-71 
2,500 r. 19-9 2°84 
| 0-075 M EDTA 4-11 
Both* 10-1 1°75 
| E Controls 25-7 1:3 
0-075 M EDTA 12-4 19 
0-025 M EDTA 21-0 15 


* ‘Both’ indicates combined EDTA + X-ray treatment. 


Results are shown in Table 1. It is apparent that 
X-rays had no effect on the reduction of life-span 
below that of the controls. Previous studies* have 
shown that Habrobracon females are highly radio- 
resistant when life-span reduction is measured. 
However, ethylenediaminetetraacetic acid feeding 
alone consistently decreased the average life-span of 
females below that of controls in every experiment. 
This difference is highly significant. Irradiation in 
addition to ethylenediaminetetraacetic acid ingestion 
tends to lower the life-span even more (experiments A 
and B), but the difference between irradiated and 
non-irradiated groups, both fed ethylenediamine- 
tetraacetic acid, is not significant. It appears that 
the ethylenediaminetetraacetic acid meal is the most 
important determining factor in the reduction of life- 
span. 

Following an ethylenediaminetetraacetic acid meal 
the death toll is greatest during the first few days. 
In order to differentiate between a poisoning effect 
and a true reduction of average life-span, all the 
results reported in Table 1 for control and ethylene- 
diaminetetraacetic acid-fed females were recalculated 
omitting deaths occurring during the first two days 
after treatment. Results of such calculations indicate 
that the life-span of ethylenediaminetetraacetic acid- 
fed Habrobracon females is still significantly lower 
than that of control females. Thus ethylenediam‘ne- 
tetraacetic acid feeding does not act as a poison 
resulting in the death of a large number of treated 
animals during the first day and having no effect on 
the survivors of the first 48 hours, but rather it 
reduces the life expectancy of adult females at all 
times during the life-span. 

Each of the 75 females comprising experiment HZ 
were weighed before and after feeding on a Roller— 
Smith precision balance. The amount of food 
ingested ranged from 0-015 mgm. to 0-505 mgm. 
Correlation coefficients (r values) for the relation 
between the amount ingested and the subsequent 
life-span showed there was no significant correlation 
(r = —0-3041) between the amount ingested and 
life-span in the group fed with 0-075 M ethylene- 
diaminetetraacetic acid. In the group fed with 
0-025 M ethylenediaminetetraacetic acid there was 
@ slight positive correlation between the amount 
ingested and the life-span (r = 0-4903). This may be 
attributed to the fact that the most avid eaters are 
generally more vigorous. It is important to note 
that concentrations of ethylenediaminetetraacetic 
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acid as low as 0-025 M will reduce the average life 
expectancy of a group of Habrobracon females. 

The cause of death is unknown, but it seems 
unlikely that it resulted from chromosomal effects 
since, unlike vertebrates, adult insects are not 
dependent upon continued mitotic activity for the 
maintenance of the life processes. Ethylenediamine- 
tetraacetic acid is known to alter or inactivate 
enzymes which are involved in oxidative or phos- 
phorylative metabolism’*. Many enzymes have 
metal ions as co-factors, and it is likely that chelation 
of metal ions by ethylenediaminetetraacetic acid 
would result in death due to metabolic failure. 

Observations on a large number of females indicate 
that death subsequent to an ethylenediaminetetra- 
acetic acid meal follows a pattern of progressive 
inactivation. Movement and activity are often ~ 
noticeably decreased within a few hours after feeding. 
Once the female becomes inactive, recovery has not 
been observed, and death is inevitable. Females 
may remain in a quiescent, coma-like stage for as 
long as 12-24 hours before probing fails to elicit 
further response. 

Ingested ethylenediaminetetraacetic acid enhances 
the radiation effect when fertility or dominant lethals 
are the criterion of damage®, but the combination of 
treatments does not shorten the life-span in a syner- 
gistic manner. 

This investigation was supported by a fellowship 
(AF-6540-C) from the National Institutes of Health, 
Public Health Service. 

Lzo E. LaCHANcE 
Genetics Department, 
North Carolina State College, 
Raleigh, North Carolina. 
July 21. 
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Phenylketonuria in the Rat associated 
with Decreased Temporal Discrimination 
Learning 


In the course of other investigations' in which 
tyrosine was injected intraperitoneally it was noted 
that the level of phenylalanine hydroxylase in the 
liver of rats was diminished to about one-third the 
normal value. Since tyrosine added in vitro does not 
inhibit this enzyme activity*, the results were taken as 
evidence of product inhibition of enzyme synthesis. 
It was reasoned that added dietary tyrosine would 
decrease the enzyme formation and therefore lower 
the amount of phenylalanine being oxidized to 
tyrosine; the excess phenylalanine would then be 
transaminated to phenylpyruvate. Other workers* 
had already shown that phenylalanine added to liver 
slices would also inhibit the oxidation of tyrosine 
to acetoacetate and fumarate. It seemed worth while 
therefore to feed various combinations of tyrosine 
and phenylalanine in order to evaluate metabolic 
alterations in the rat. Initial experiments with com- 
mercial rat food plus 5 per cent L-tyrosine and 5 per 
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cent DL-phenylalanine resulted in the death of new- 
born or suckling animals when this diet was fed to 
the pre-parturient and lactating mothers. The same 
diet. caused death when fed to 21-day-old animals, 
although animals of the same age grew normally 
when fed 5 per cent of either amino-acid alone. 
Reduction of the levels to 2-5 per cent of each amino- 
acid (and in a later experiment to 3-75 per cent each) 
caused no difficulty since animals fed this diet 
gained weight at a rate comparable to that of rats 
on the commercial diet alone. The methods used for 
the amino-acid analyses and for enzyme assays have 
been previously listed!. The urinary and blood data 
are given in Table 1, and the enzymatic data con- 
cerned with phenylalanine and tyrosine metabolism 
are given in Table 2. 

The enzymatic results substantiate the initial hypo- 
thesis that tyrosine feeding inhibits the production of 
phenylalanine hydroxylase. The decrease of phenyl- 
alanine hydroxylase in animals on the high phenyl- 
alanine diet may also in part be explained by the 
marked inhibition of the activity of this enzyme by 
high levels of phenylalanine*. The tyrosine trans- 
aminase activity was measured at a time when the 
initial increase in activity to be expected on a high 
tyrosine diet had already subsided‘. The values for 
tryptophan peroxidase-oxidase and histidase, two 
amino-acid catabolizing enzymes which have no 
connexion with phenylalanine or tyrosine metabolism, 
were substantially the same in all groups of experi- 
mental and control animals. 

It had been shown by Linn and Knox‘ that in the 
case of experimental alcaptonuria produced by the 
feeding of 5 per cent L-tyrosine in the diet the effects 
were transitory and lasted for only one month, after 
which time the excretion of homogentisate fell off. 
It would appear from our data on urine that the 
excretion of phenylpyruvate was similar to that of 
homogentisate and that the effect was maximum 
one month after the diet was started. In most of 
our experiments the urines were collected two to three 
months after initiation of the abnormal diets, so that 
we may have missed the period of even greater effect. 
Nevertheless, significantly higher amounts of phenyl- 
pyruvate and homogentisate were excreted by most 
of the experimental animals as compared with the 
controls. 

In phenylpyruvic oligophrenia in humans in which 
the enzyme phenylalanine hydroxylase is absent’, 


Table 1 


Total urinary excre- 
tion (mgm./day) 


Phenyl- 
Tyrosine pyruvate 


Normal (5)* 25 16 1-2 0-1 
r cent L-tyro- 
sine (5) 8-4 1°3 08 0-4 
5 per cent DL- | 
phenylalanine (5) 48 28 19-0 28 
2-5 per cent each 
L-tyrosine and 
DL-phenylalanine 


(5 
3-75 per cent each 
L-tyrosine and 


Plasma 
(mgm./100 ml.) 


Phenyl- 
alanine 


Diet 
Homo- 


gentisate 


2°8 3-9 0-9 


DL-phenylalanine 


be yg numbers in parentheses denote the number of animals in each 


t The urines from this group of animals were collected one month 
after being placed on the experimental diet, while the urines of the 
other ot aad were collected after two to three months on the diet 
(see text 
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Table 2 


“Moles product formed per weight 
of liver per hr. at 38 


Tyrosine | Phenyl- 
(a-keto- alanine 
glutarate) 
trans- rans- 
aminase 


325437 
386 +37 
345421 


24-9+4-4 
0940-9 
1940-4 


318 +29 
381424 
348 +88 


466 + 67T 
313446 
301457 


Normal (5)* 

5 per cent L-tyro- 
sine (5) 

5 per cent DL- 
phenylalanine (5) 

2-5 per cent eac! 
L-tyrosine and 
DL-phenylalanine 
(5) 304445 | 4224387 


694488 8141-1 


* The numbers in parentheses denote the number of animals in 


each group. 
+ Standard error of the mean. 


decreased intelligence is usually observed concomitant 
with high urinary excretion of phenylpyruvate. While 
no single test qualifies as an established measure of 
rat intelligence, the temporal discrimination test 
offers advantages of efficiency, reliability and relative 
independence from sensory and motor capacities. 
In this test, a response of licking a dry dipper was 
rewarded by the delivery of water on a 2-min. ‘fixed 
interval’ schedule*. Temporal discrimination was 
revealed by positively accelerated licking responses 
within a 2-min. interval as judged from graphic 
records which were obtained electronically. Eight 
normal rats and eight rats the diet of which contained 
2-5 per cent tyrosine and 2-5 per cent phenylalanine 
were tested for eight to twelve days under the con- 
dition of water deprivation. The frequency of appear- 
ance of positive acceleration on days six, seven and 
eight, expressed as the percentage of the number of 
intervals showing any responses, averaged 82-9 per 
cent for normal rats and 46-8 per cent for treated 
rats. The standard errors of the means were 2-6 and 
9-3 respectively. Days on which no responses 
occurred were excluded from this calculation ; their 
inclusion, however, would increase the difference 
between groups. Student’s t-test gave significant 
differences between groups at less than the 0-01 level. 
Therefore, animals which had been on a 2-5 per cent 
L-tyrosine and 2-5 per cent pui-phenylalanine diet 
had less phenylalanine hydroxylase in the liver, 
excreted more phenylpyruvate in the urine and 
showed marked retardation in temporal discrimina- 
tion learning. 
This investigation was supported in part by research 
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Deoxyribonucleic Acid Content of the 
Nuclei in the Adrenal Cortex of 
the White Rat 


We have already demonstrated a close relation 
between the deoxyribonucleic acid content of the 
nucleus and the functional activity of the cell in the 
thyroid of the white rat!: stimulation inducing an 
increase, inhibition a decrease of the nuclear deoxy- 
ribonucleic acid content. 

In the present experiments we have examined 
whether there is a similar correlation for the adrenal 
cortex, and whether the localization of a decrease of 
the nuclear deoxyribonucleic acid content after 
functional depression by various exogenous steroid 
hormones supports one of the theories of the histo- 
physiology of the adrenal cortex: the migra- 
tion theory? or the theory of specific functional 
zoning®. 

Male rats, 7 months old, were used. Observations 
were made on two series of white rats. In the first 
the nuclear deoxyribonucleic acid content was 
assayed in five rats receiving 5 mgm. hydrocortisone 
daily for two weeks, and in five controls. In the 
second series the measurements were made respec- 
tively on five rats receiving daily doses of 5 mgm. 
cortisone, in five rats receiving 5 mgm. deoxycortisone 
acetate, and in five controls. In both series the rats 
were killed at the same time, their adrenals removed 
and fixed in a mixture of 40 per cent formol, 96 per 
cent alcohol and acetic acid (20: 75:5, v/v). After 
simultaneous fixation and dehydration, and embed- 
ding and staining by the Feulgen reaction, the 
deoxyribonucleic acid content of individual nuclei 
was measured by the histophotometrical technique 
of Lison‘. 

In every adrenal cortex of the second series 50 
nuclei were measured in four different layers: the 
zona glomerularis, the zona fascicularis externa, the 
zona fascicularis interna and the zona reticularis. In 
the first series, however, 100 nuclei were measured in 
every layer, while no measurements were made in 
the zona fascicularis interna. 

The results of the measurements and of the statis- 
tical computations are shown in Tables 1 and 2. 
The parameters are expressed as the pool of the 
results of every experimental group. The detailed 
values for the individual rats will be published 
elsewhere. 

All statistical calculations were performed after 
logarithmic transformation, as the logarithms of the 
individual values, and not the values themselves, are 
normally distributed. The null hypothesis was 
tested by Student’s t-test. We took P < 0-01 as the 
test of significance: a larger value would be useless 
since it would be smaller than the experimental 
error. 


Table 1* 


z log x 8 Blog z n 


Controls | Zona glomeru- 
Zona fascicularis 
ext. 


779 | 2-891 | 0-068 | 0-003 | 474 


> 758 | 2-879 | 0-063 | 0-002 | 490 
Zona reticularis | 694 | 2-841 485 
Hydro- | Zonaglomerularis| 782 | 2-892 | 0-063 | 0-002 | 478 
cortisone | Zona icularis 

694 | 2-841 | 0-015 | 0-002 


ext. 493 
Zona reticularis | 678 | 2-837 | 0-071 | 0-003 | 494 


* See ref. 4 for symbols, etc. 
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Table 2* 
log 8 n 
Control Zona glomeru- 
laris 1,042 | 3-017 | 0-088 | 6-006 | 250 
Zona fascicu- 
laris ext. 1,041 | 3-018 | 0-018 | 0-001 | 250 
Zona fascicu- 
laris int. 912 | 2-959 | 0-066 | 0-004 | 250 
Zona reticu- 
aris 886 | 2-947 | 0-026 | 0-001 | 250 
Deoxy- Zona glomeru- 
cortisone | laris ‘ 982 | 2-992 | 0-086 | 0-007 | 250 
Zona fascicu- 
laris ext. 989 | 2-995 | 0-072 | 0-004 | 250 
Zona fascicu- 
laris int. 941 | 2-973 | 0-065 | 0-004 | 250 
Zona reticu- 
laris 895 | 2-961 | 0-071 | 0-004 | 250 
Cortisone | Zona glomeru- 
laris 1,017 | 3-007 | 0-083 | 0-005 | 250 
Zona fascicu- 
laris ext. 931 | 2-968 | 0-019 | 0-001 | 250 
Zona fascicu- 
laris int. 898 | 2-953 | 0-064 | 0-004 | 250 
Zona reticu- 
laris 864 | 2-936 | 0-019 | 0-001 | 250 


* See ref. 4 for symbols, etc. 


In the control rats, the same mean values were 
found in the zona glomerularis and zona fascicularis 
externa. In the zona fascicularis interna and zona 
reticularis, however, the mean value of the nuclear 
deoxyribonucleic acid content was significantly lower 
(P < 0-001). 

After treatment with hydrocortisone the deoxy- 
ribonucleic acid content in the zona glomerularis did 
not change (0:8 > P > 0-7). In the zona fascicularis 
externa, however, a significant decrease of the nuclear 
deoxyribonucleic acid was noticed (P < 0-001). In the 
zona reticularis this treatment has no influence on 
the nuclear deoxyribonucleic acid content (0-2 > P > 
0-1). Administration of cortisone had a similar result : 
no influence on the zona glomerularis (0:2 > P > 
0-1), the zona fascicularis interna (0:3 > P > 0-2) 
and the zona reticularis (0-05 > P > 0-02), but 
there was a decrease in the deoxyribonucleic acid 
content in the zona fascicularis externa (P < 0-001). 

The results obtained with deoxycorticosterone- 
acetate were different. The deoxyribonucleic acid 
content decreased not only in the zona fascicularis 
externa (P < 0-001) but also in the zona glomerularis 
(0:01 > P > 0-001). That in the zona fascicularis 
interna (0-05 > P > 0-02) and in the zona reticularis 
(0-6 > P > 0-5) did not change. 

These experiments suggest that there is a relation 
between nuclear deoxyribonucleic acid content and 
cell activity in the adrenal cortex. As the localization 
of the decrease of the deoxyribonucleic acid content 
depends on the kind of hormone administered, our 
measurements support the idea of functional zoning 
of the cortex. Indeed, cortisone and hydrocortisone 
induce a decrease in the zona fascicularis externa : 
this observation supports the theory of a specific 
glucocorticoid function of this zone. Deoxycortisone 
induces a decrease in both the zona glomerularis and 
the zona fascicularis externa, which supports the 
theory of a mineralocorticoid function of the zona 
glomerularis®. Our results, however, suggest that 
this function is not the exclusive property of the zona 
glomerularis, but belongs also to the zona fascicularis 
externa. This conclusion also agrees with recent 
biochemical investigations, demonstrating the pres- 
ence of aldosterone in these two layers*. 

These investigations were aided by a grant from 
the Belgian National Foundation for Scientific 
Research. I express also my gratitude to the 8.A. 
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Separation of Mixtures of CEstrogens in 
Urinary Extracts using Gradient Elution 
Chromatography 


In the course of studying the metabolism of 
cestradiol-4-4C in human mammary cancer, a method 
of separating mixtures of cestrogens was developed. 
The method consists of gradient elution chromato- 
graphy on silica gel with progressively increasing 
concentration of ethyl acetate in benzene. Separation 
of mixtures of cestrogens on columns impregnated 
with alkali! was considered potentially detrimental 
to labile cestrogen metabolites. Other schemes, such 
as chromatography of cestrogen methyl ethers on 
alumina*, were likewise considered inadequate to 
demonstrate subtle cestrogen metabolic differences 
without risking either partial decomposition or ease 
of subsequent identification of metabolites. With 
the system which has been devised, the separation of 
a synthetic mixture of cestrogens is complete, and 
excellent recoveries are obtained. The slight varia- 
tion in retention volumes is presumably due to lack 
of temperature control. While the capacity of the 
columns for separating synthetic mixtures has not 
been determined, microgram amounts of radioactive 
eestrogens in urinary extracts weighing 250 mgm. 
have been successfully separated on 2 gm. columns. 

The procedure is as follows: the mixture to be 
separated is applied in benzene solution to 2 gm. of 
silica gel (Davison Grade 923, 100-200 mesh, washed 
with methanol, dried at 140° overnight) in a column 
15 cm. x 5 mm. internal diameter, prepared as a 
slurry. When insoluble in benzene, the residue is 
applied by adsorbing from an acetone (or other 
suitable solvent) solution on to sufficient silica gel 
to form a dry, free-pouring powder on removal of 
solvent. The dried powder is diluted with benzene 
and redried twice and then carefully applied to a 
prepared column containing a head of solvent suffi- 
cient to avoid formation of air bubbles. Should any 
bubbles be visible, they may be removed by agitating 
the extreme top of the prepared column with a 
stirring rod. A 500-mi. amber bottle (reservoir) 
containing 300 ml. of ethyl acetate—benzene (1: 1) is 
connected to an identical bottle containing 300 ml. 
of benzene (magnetically stirred) by means of a 
siphon tube, so that the solvent-levels are kept 
equalized. A stop-cock along the siphon facilitates 
filling the tube. A glass tube terminating in a ball 
joint with an inner seal is used to connect the solvent in 
the mixing chamber to the column. Since the vessels 
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Fig. 1. Separation of <i. synthetic mixture of cestrone, 
oland estriol 


are of equal diameter, the rate of outflow from the 
mixing chamber is equal to twice the rate of inflow, 
and a linear concentration gradient is obtained?‘ *, 
Three-ml. fractions (collected with an automatic 
fraction collector) are convenient eluate volumes. 

The results of a typical separation of a synthetic 
mixture of cestrone-16-'4C, cestradiol-4-4C and ces- 
triol, without urinary extract, are shown in Fig. 1. 
The first two peaks have been measured radio- 
chemically and the third fluormetrically (relative to 
the fraction with maximum fluorescence which was 
designated 100 per cent). 

A typical separation which has been obtained with 
a urinary extract (after enzymatic hydrolysis) from 
a patient with mammary carcinoma following admin- 
istration of cestradiol-4-'4C, is shown in Fig. 2. The 
results of paper chromatographic analysis of the 
material in each radioactivity maximum are shown 
below each region. This efficient method of separating 
mixtures of radioactive cestrogens in urinary extracts 
has also been applied to tissue extracts with com- 
parable success. The applicability of this method to 
the routine determination of mixtures of non-radio- 
active cestrogens in various biological media has not 
been investigated. 
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Fig. 2. Separation of urinary Sane ts N.S., day 1, 
fo owing administration of cstradi chromato- 
graphic mobilities of standards and sys ~<a used are Fe indicated to 
the left and right of each series : left, preacieieeel ; right, 
benzene/50 per cent aqueous methanol. Direction of arrows at 
various mobilities used. Abbreviations are : 

Z,, wstrone; ws estriol; 2M — E,, 2-meth- 
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‘Crossing’ Paper Electrophoresis for the 
Detection of Immune Reactions 


Grassmann and Hiibner’ have pointed out the 
possibility of applying their continuous paper electro- 
phoresis to the detection of loosely bound molecular 
compounds. The example they gave was a pair of 
dyes, orange II and methylene blue. These sub- 
stances were introduced continuously on to a hanging 
paper at two separate points. They ran down 
vertically due to gravity and at the same time 
migrated horizontally towards each other under the 
influence of the applied electrical field. It was antici- 
pated that the procedure would be applicable not 
only to the molecular compounds of dyestuffs but 


also to antigen-antibody complex formation. How- . 


ever, simpler methods have been devised for the 
antigen-antibody reaction®-‘. 

We have succeeded in simplifying and improving 
the procedure of Grassmann and Hiibner merely by 
making use of ordinary paper electrophoresis. The 
substances to be tested are applied not as spots but 


Fig. 1. Detection of antigen-antibody reaction by ‘crossing’ paper 
electrophoresis. 0-0025 ml./em. of bovine serum was applied on 


September 27, 1958 NATURE 


as streaks drawn obliquely to each other (crossed or 
not crossed). The angle between the streaks remains 
the same during electrophoresis, but the two lines 
cross over, since their mobilities differ. (The pro- 
cedure. may thus be called the ‘crossing’ paper 
electrophoresis.) The moving force in the direction 
at right angles to the electric field is not gravity but 
the difference in the mobilities and the geometry of 
the lines of the substances. The final result, however, 
is the same as is obtained by continuous paper 
electrophoresis. 

By this method, the antigen-antibody reaction 
has been demonstrated on filter paper. As can be 
seen from Fig. 1, rabbit antiserum (anti-bovine 
serum) ran ahead and the antigen (bovine serum) 
ran after. Gamma-globulin of the antiserum was 
overtaken by the following antigen proteins and 
crossed over. Thus several lines of precipitates formed 
gradually alongside the y-globulin, down to the 
crossing points of the antigens with it. If the electro- 
phoresis is carried out two-dimensionally, antibody 
containing y-globulin was crossed over on a different 
stretch with each antigenic protein. The ultimate 
results are almost the same as those obtained by the 
immunoelectrophoresis of Grabar. The advantages 
of ‘crossing’ paper electrophoresis over immuno- 
electrophoresis are first its simplicity, and second 
the reduction of material and time needed. 

A detailed report and other applications will 
appear elsewhere. 
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Mechanism of Oxidative Phosphorylation 


THE phenothiazine tranquillizer chlorpromazine’ 
has the following actions: (1) It inhibits electron 
transport between reduced diphosphopyridine nucleo- 
tide and cytochrome c in appropriate systems ; the 
efficiency of the coupled phosphorylation is not 
affected. (2) Chlorpromazine is not effective in 
mitochondria treated with water or in non-phos- 
phorylating reduced diphosphopyridine nucleotide — 
cytochrome c reductase systems. (3) Chlorpromazine 
prevents the stimulation of respiration in systems 
deficient in adenosine diphosphate by 2:4 dinitro- 
phenol (Table 1). (4) It causes some stimulation 
of respiration in mitochondrial systems deficient in 
inorganic phosphate, but not a maximal stimulation 
(Table 1), without causing any detectable increase 
in the level of inorganic phosphate. (5) It inhibits 
powerfully the exchange reaction phosphorus-32 — 
adenosine triphosphate!, under conditions in which 
electron transport cannot be affected (Table 2). (6) It 
has no effect on succinate — cytochrome c reductase 
in any system. 

These findings are interpreted to mean _ that 
chlorpromazine inhibits electron transport between 
reduced diphosphopyridine nucleotide and _cyto- 
chrome c by inhibiting an intermediate in oxidative 
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water before staining. Enlarged at the gamma-glo! zone of ‘ 
the antiserum 
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Table 1. EF¥EcT OF CHLORPROMAZINE AND 2:4 DINITROPHENOL ON 
SYSTEMS DEFICIENT IN ADENOSINE DIPHOSPHATE AND PHOSPHATE 
Oxygen uptake (u atm. 
Chlorpromazine 
Additions (2 x 10-* M) Deficient in Deficient 
adenosine in 
diphosphate | phosphate 
45 1-1 
+ 3-6 2-1 
10- 8-1 6-0 
2: 4 Dinitropenol 
+ 3-1 36 


System: ATP, 09-0017 M ; KCl, 0-025 M; MgSO,, 0-0067M; 
| e,2x10°M; L-glutamate 0-01 M; inorganic ortho- 

osphate H 7 ‘2, 0-01 M in adenosine diphosphate-deficient system 
and 0 in system. T'ris buffer, pH 7-2 
at 0-067M dria in 0-25M sucrose, 1-0 mgm. nitrogen. Final 
gg 3-0 Temperature, 38°C. Gas phase, air. Incubation time, 

min 


Table 2. ErrgctT OF CHLORPROMAZINE ON THE EXCHANGE REACTION 
PHOSPHORUS-32—ADENOSINE TRIPHOSPHATE 


Counts/min. incorporated into | Inhibition 

adenosine triphosphate (per cent) 
Control 3,150 Nil 
Chlorpromazine 
(2 x 10-* M) | 1,460 54 


System: ATP, 0-0017 M inorganic orthophosphate buffer, 
PH 7-2, 0-0038 M ; MgSO,, 0:0067 M; KCl, 0-025; (tris buffer, 
pu 7-2,003M; versene, 10° M; phosphorus- 32 equivalent to 
15,000 sounts/min. added. Time of’ incubation, 15 min. Tempera- 

ure, 20° C. Specific activity of phosphorus-32, 1 ,000 counts/min. /umole. 


phosphorylation at a point prior to that which is 
sensitive to 2:4 dinitrophenol. We suggest, for 
example, a modification of the scheme of Chance 
and Williams?*, as follows : 


(l) B+iP 2BP 


(2) AH, + BP = A+ BH, ~P 
(4) X ~P + ADP = ATP + X 


(6) X ~P—>X + iP 
In this scheme, AH, would represent reduced 
diphosphopyridine nucleotide and B oxidized flavo- 
protein. X is the unknown intermediate postulated 
by Chance. In this scheme chlorpromazine would 
interfere with reaction (3) and 2 : 4 dinitrophenol with 
X ~P of reaction (4). Reaction (5) would be 
relatively slow, reaction (6) relatively rapid. 
These results are being published in full elsewhere®. 
M. J. R. Dawkins 
J. D. Jupan 
K. R. REeEs 


Department of Morbid Anatomy, 
University College Hospital Medical School, 
and Department of Biochemistry, 
University College, 
London, W.C.1. 
: Boren Fr. D., Falcone, A. B., and Harrison, W. H., Nature, 174, 401 


* Chance, B., and Williams, G. R., “Adv. in Enzymol.”, 17, 65 (1956). 
ee my - J. R., Judah, J. D., and Rees, K. R., Biochem. J. (in 
press). 


Separation of Glucose-l-Phosphate and 
Glucose-6-Phosphate by Paper 
Chromatography 

GLuUCOsE-1-PHOSPHATE and glucose-6-phosphate are 
not roadily separated by the solvent systems normally 
used for the analysis of the naturally occurring phos- 
phorie esters on paper chromatograms (for example, 
propanol —- ammonia — water, t-butanol-picric acid— 
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Fig. 1. 
ay fructose-1,6-diphosphate 
glucose-6- phospha te ; fi 
phosphate, free ortho and 
(4) glucose-6-phosphate, free orthophosphate and glucose- 1: 
phosphate ; (5) free orthophosphate ; (6) glucose-6-phosphate + 
glucose-1-phosphate; (7) 6-phosphate; (8) glucose-1- 
gre emperat ure, 20°C.; running time of chromato- 
gram, 48 hr. paper was equilibrated overnight before the 
addition of and had been washed with acetic 
acid, distilled water and ammonia (ref. 4) 


Chromatogram of phosphoric esters and orthophosphate : 
(2) fructose-1,6-diphos 

fructose-1 glucose-6- 

lucose-1-phosphate ; 


water, etc.'). Though very similar in structure, the 
esters differ in that glucose-6-phosphate has two 
cis-hydroxyl groups available for substitution and 
the addition of boric acid to some of the solvent 
systems previously described enables glucose-6-phos- 
phate to be differentiated clearly from glucose-1- 
phosphate?. 

The addition of boric acid to saturate methyl 
cellosolve—methyl ethyl ketone-3N ammonium hydr- 
oxide (7 : 2:3 v/v)® gives a sharp separation of glucose- 
6-phosphate from glucose-1-phosphate and from fruc- 
tose-1,6-diphosphate and inorganic orthophosphate 
(Fig. 1). 

This work was carried out with Dr. F. A. Isherwood 
at the Low Temperature Research Station, Cam- 


bridge. 


Levington Research Station, 
Ipswich, Suffolk. 
July 28. 
1 Hanes, C. 8., and Isherwood, F. A., Nature, 164, 1107 (1949). 
* Isherwood, F. A., British Medical Bulletin, 10 (3), 202 (1954). 
* Mortimer, D. C., Can. J. Chem., 30, 653 (1952). 
“Isherwood, F. A., and Hanes, C. 8., Biochem. J., 55, 284 (1953). 


F. E. G. Harrap 


Spatial Summation for Heat-Pain 


THE report of an experimental study by Greene! 
on this topic reached me too late for reference to be 
included in my recent communication?. 

Greene used three methods of stimulation. Two 
of these—needle-scratch and cold immersion—pro- 
duced no significant amount of spatial summation. 
In his third method, of thermal radiation, he used a 
bank of six 500-W. quartz infra-red lamps 80 
arranged as to produce an even field of radiation 
over @ large area, and found a mean temperature 
difference in pricking-pain sensation thresholds of 
1-1°C. as between an area of 7-8 cm.* and one of 
2-5 

This represented a statistically significant degree of 
spatial summation, but less than that which I re- 
ported for the water-heating method, the difference 
being probably due to two main variations in the 
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procedures used in the two studies. Thus (1) sizes 
of area stimulated were different, the smallest area I 
used being about one-third of that used by Greene ; 
(2) ‘threshold’ judgments of pain differed in definition 
and in method of determination. 

With reference to this second variation, it is well 
established that a pricking-sensation threshold, such 
as that used by Greene, varies little among subjects 
instructed and practised in distinguishing between 
that and heat sensations. However, as McKenna’ 
points out, this is not strictly a ‘pain’ threshold. It 
is therefore probable that these two sets of results 
demonstrate two different, though closely related, 
aspects of summative process. Thus, Greene’s results 
may indicate a summation of pricking sensation 
perhaps initiated in the peripheral events, whereas 
mine may suggest a summation of pain experience 
which, by implication, would be of central origin. 

K. R. L. 
Department of Psychology, 
University of Cape Town. 
Aug. 4. 
1 Greene, L. C., Report No. 14, Aviation Medical Acceleration Lab- 
oratory, U.S. Naval Air Development Center (1957). 
* Hall, K. R. L., Nature, 182, 307 (1958). 
3 McKenna, A. E., J. App. Physiol. (in the press). 


Successful Development and Birth of Mice 
cultivated in vitro as Early Embryos 


EXPERIMENTAL embryology in mammals is ham- 
pered by the comparative inaccessibility of the 
mammalian embryo. The development of techniques 
for the cultivation in vitro of early mammalian 
embryos has provided one possible route for experi- 
mental interference in the course of embryonic 
development, through alteration in the conditions of 
culture and the composition of the culture medium. 
However, a study of the effects of such experimental 
interference upon later embryonic development also 
requires the application of techniques for trans- 
planting early embryos to foster mothers. The first 
successful attempt to combine the techniques 
of embryo culture and embryo transplantation 
was briefly reported by Adams‘.  16-cell rabbit 
embryos were incubated for 214 hr. in Krebs—Ringer 
bicarbonate containing 2 mgm./ml. bovine plasma 
albumin, fraction V (Armour), during which time 
cleavage continued at the normal rate. They were 
then transferred to a recipient female mated 3 days 
previously to a vasectomized male. One week later 
there were normal embryos in the uterus of the 
recipient female, presumably developed from the 
cultured embryos. 

We wish to report an experiment in which viable 
young were obtained from mouse embryos cultured 
for 2 days on a synthetic medium during an early 
stage of embryogenesis, using a culture technique 
based on that of Whitten®*. As donors, we used 
immature female mice in which superovulation and 
mating had been induced by treatment with gonado- 
trophins*. Some of the donors were killed 2} days 
after mating; 8-16 cell embryos were recovered 
from their oviducts and cultured for 2 days at 
37°C. in Krebs-Ringer bicarbonate containing 
1 mgm. /ml. glucose and 1 mgm./ml. crystalline bovine 
plasma albumin (Armour)*. The Krebs-Ringer 
bicarbonate was prepared from stock solutions on 
the day that cultures were set up, and gassed with 
5 per cent carbon dioxide in air before the glucose 
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and plasma albumin were added. The medium con- 
tained no antibiotics or phenol red, but was sterilized 
by filtration through a sintered glass funnel. The 
embryos were placed in groups of 4 or 12 into agglut- 
ination tubes, each containing 1 ml. of medium. The 
tubes were closed by silicone bungs after the air 
above the medium had been replaced by 5 per cent 
carbon dioxide in air, in order to prevent loss of 
carbon dioxide and the development of excessive 
alkalinity. The culture requirements of mouse 
embryos are more rigorous than those of rabbit 
embryos, since Adams! obtained cleavage without 
either incorporating glucose in the medium or con- 
trolling the pH by gassing with carbon dioxide (per- 
sonal communication), whereas Whitten finds that 
both procedures are necessary for the development 
of mouse embryos. 

After two days of cultivation, 216/249 (87 per cent) 
of the mouse embryos had developed into blasto- 
cysts. A comparable degree of development takes 
place in vivo in 24 hr., and control blastocysts were 
therefore recovered from the uteri of the remaining 
donor animals 3} days after mating. Control and 
cultured blastocysts were transferred, following the 
technique of McLaren and Michie’, to the uteri 
of recipient females 24 days after mating to fertile 
males. Cultured blastocysts were transferred in 
the culture medium, and control blastocysts in 
Pannett and Compton’s saline. Of the recipient 
females which became pregnant, all but two were 
killed on the sixteenth day of gestation. Since 
transferred embryos were homozygous for albinism, 
whereas the recipient females had all been mated 
to males. homozygous for full colour, transferred 
and native embryos could be distinguished at this 
stage of development by eye colour. All embryos 
were individually weighed. The two remaining 
pregnant females received subcutaneous implants 
of progesterone to delay parturition and were allowed 
to proceed to term (19 days), their young being 
delivered by Cesarian section. 

The results are given in Table 1. The yield of live 
from cultured embryos (20-4 per cent) proved not to 
differ significantly from the control yield (21-7 per 
cent), which was itself similar to that obtained 
previously by McLaren and Michie’. There was a 
strong indication that the average weight of the 
cultured embryos was less than that of the control 
transferred embryos, but on the small numbers avail- 
able the difference proved not to be significant (P > 
0-05). Even if such a difference exists, it need not 
indicate any enduring effect of the culture treatment 
upon subsequent development, since the cultured 


Table 1. THE YIELD OF LIVE TRANSFERRED EMBRYOS AT THE SIx- 
TEENTH OR NINETEENTH DAY OF GESTATION IN FEMALES 


EITHER CULTURED OR CONTROL 
Mice receiving cultured Mice receiving control 
blastocysts blastocysts 
Mouse No. Yield Mouse No. Yield 
1 5/9 9 0/9 
2 4/11 10 0/11 
3 1/9 11 3/12 
4 2/11 12 7/17 
5 2/16 13 5/20 
6 1/12 
7* 0/10 
8* 4/15 
Total 19/93 Total 15/69 
Those allowed to proceed to the nineteenth day are marked with 


an asterisk. The yield is given as the number of live transferred 


embryos/the number of blastocysts injected into the uterus. 
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blastocysts may have been at a somewhat earlier 
stage of development than the controls when trans- 
ferred. 

Only one of the pregnant females allowed to go to 
term contained cultured embryos. Two of these 
were successfully fostered on to a newly parturient 
female. They are at the time of writing four weeks 
old, and appear in no way affected by their unusual 
history. 

We are indebted to Mr. John Roberts for skilled 
technical assistance. The work has been made possible 
by a grant to J. D. B. from the Nuffield Foundation, 
and a grant to A. M. from the Agricultural Research 
Council for financial support. 

ANNE McLAREN 
J. D. Bracers 
Royal Veterinary College, 
London, N.W.1. 
Aug. 21. 


2 Adams, C. E., “Artificial Insemination”, 5, Third International 
Congress on Animal Reproduction, Cambridge (1956). 


* Whitten, W. K., Nature, 177, 96 (1956). 

* Whitten, W. K., J. Endocrinol., 16, 80 (1957). 

* Runner, M. N., and Palm, J., J. Exp. Zool., 124, 303 (1953). 
* McLaren, A., and Michie, D., J. Exp. Biol., 38, 394 (1956). 


Measurement of Sap Flow by Heat 
Transfer 


Ir has been assumed by those who have used a 
pulse of heat as an indicator to measure the rate of 
flow of sap in trees! that the speed of the sap is 
identical with that of the heat pulse. 

That this assumption is not correct can be shown 
by obtaining the differential equation for heat transfer 
in an idealized medium consisting of wood substance 
perforated by many uniformly spaced, parallel 
straight tubes through which sap flows at a uniform 
velocity. If the wall thickness between tubes is 
about 10u, this medium will approximate the xylem 
of a conifer. Since a slab of wood substance (diffusiv- 
ity, k = 0-004 cm.?/sec.) 10% thick will heat up to 
the temperature of its surfaces* in 10-* sec., whereas 
the time associated with the passage of a heat pulse 
is of the order of minutes in practice, the structure 
can be treated as a homogeneous mixture from the 
point of view of heat transfer. 

If a fraction, a, of any plane area perpendicular to 
the z-axis is occupied by sap streams moving with 
uniform velocity, u, parallel to the z-axis, then the 
layer of material bounded by the planes 2 and 
(x + 8x) gains heat at a rate per unit area equal to: 


aupsc® $a 


where ps, and cy, are the density and specific heat of 
sap (water), and v is the temperature. On including 
this term in the derivation of the normal heat con- 
duction equation, one obtains the equation for com- 
bined conduction and convection : 


OV 


“pe. Ox (1) 


kV*v = au 


where k, p and c refer to the wet wood, that is, to 
the wood substance together with the stationary and 
the noving sap. 

This equation is identical in form with the equation 
for pure conduction in a medium moving in the 
x-direction with velocity? : 
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That is, the stationary wood and the moving sap 
together act like a single medium moving at a speed 
defined by V, the ‘heat-pulse velocity’. 

Consider a piece of the xylem of Pinus radiata 
with basic density (oven-dry weight/green volume) 
0-37 gm./em.*, and moisture content (relative to 
oven-dry weight) of 190 per cent. This has p = 
1-07 gm./em.* and c = 0-77 cal./gm./° C. The 
fraction a is not easy to measure, but if we take 
a = 0-20 as a reasonable value, equation (2) gives: 


sap speed, wu = 4-1 x heat-pulse velocity, V 


Due to the difficulty of measuring the fraction, a, 
we have found it more convenient to express the rate 
of sap flow as ‘sap flux’, the volume of sap flowing 
across unit area of the xylem in unit time. We then 


= (me, + 0-33) V (3) 
x 


where 9, is the basic density of the sapwood, m, 
is its moisture content, and 0-33 is the specific heat 
of oven-dry wood. 

From the solution of the normal heat conduction 
equation, for an instantaneous line source of heat 
along the z-axis*, one can write the corresponding 
solution of equation (1) : 


Q 


A sap flow meter based on this equation has been 
developed in this laboratory. The heater in its 
simplest form, which is used for limbs up to about 
2 in. in diameter, is a piece of 26 standard wire 
gauge nichrome resistance wire lying along a diameter 
through which a current up to 40 amp. is passed for 
1 or 2 sec. to provide the heat pulse. The temperature 
is measured at some distance downstream (usually 
1-5 em.) by means of a Philips 83900 3K5 thermistor 
set in the tip of a 21 standard wire gauge hypodermic 
needle. The quantity of heat in the pulse is chosen 
to give a maximum rise in temperature at the needle 
of about 0:3 deg. C. 

It has been found in experiments on Pinus radiata 
that, provided the thermistor is deeper than about 
0-5 em. in the sapwood, so that the effect of loss of 
heat at the surface is avoided, the curve of tempera- 
ture rise against time agrees closely with that pre- 
dicted by equation (4). In cases where the agreement 
is not perfect, usually at comparatively high heat- 
pulse velocities, very good agreement has been 
obtained by assuming a uniform spread of heat-pulse 
velocities over a certain range. Since, however, the 
best-fitting uniform-speed temperature — time curve 
corresponds to a speed close to the average of these 
different speeds, an analysis based on equation (4) is 
used in routine measurements. 

This analysis gives the heat-pulse velocity, V, 
and the diffusivity, k, in terms of the relative tem- 
perature rises at any three times such that one is 
the average of the other two. This avoids the necessity 
of calibrating the temperature recorder or the heater. 
Charts have been constructed for the cases of times 
in the proportions 1 : 2: 3 and 1: 4:7, which enable 
each curve to be analysed in a few minutes. 
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Experiments have confirmed that dye travels 
through the xylem of Pinus radiata at speeds up to 
four times greater than the heat-pulse velocity. 
Equation (3) has also been verified experimentally. 

It should be emphasized that this mathematical 
analysis applies only to such trees as conifers, which 
have a fine-structured xylem. The case of hard- 
woods with coarser xylem which cannot be treated 
as thermally homogeneous has not yet been analysed 
mathematically, but it is still to be expected that the 
stationary wood substance will retard the heat pulse 
to a speed less than that of the sap. The experi- 
mental curves in this case are very like those given 
by the theory above for a spread in heat-pulse 
velocities ranging down to zero. 

Full details of these investigations will be published 
in Plant Physiology. 

I gratefully acknowledge the continuous assistance 
and advice on all botanical aspects of this work of 
Mr. K. M. Harrow, Plant Diseases Division, Depart- 
ment of Scientific and Industrial Research, Auckland, 
New Zealand, who originally suggested the project. 


D. C. MarsHALL 


Auckland Industrial Development Laboratories, 
New Zealand 
Department of Scientific and Industrial Research, 
P.O. Box 2225, 
Auckland. 
July 28. 
1 Huber, B., Ber. deutsch. Bot. Ges., 50, 89 (1932). Dixon, H. H., 
Notes Bot. School, Trinity Coll. Dublin, 4, 269 (1937). Huber, 
B., and Schmidt, E., Ber. deutsch. Bot. Ges., 55, 514 (1937). 
*Carslaw, H. S., and Jaeger, J. C., “Conduction of Heat in Solids” 
(Oxford Univ. Press, London, 1947). } 


* Jakob, M., “Heat Transfer’, 1 (John Wiley and Sons, Ltd., New 
York, 1949). 


Effect of Gibberellin on the 
Extensibility of the Pea Stem 


Ir has been demonstrated!-> that an increase in 
the extensibility of cell wall is involved in the growth- 
promoting effect of auxin. Hence it is of interest to 
see if gibberellin has a similar effect. 

Excised pieces of etiolated stem of Alaska pea were 
soaked in 10 mgm./l. solutions of gibberellin (crystal- 
line mixture of gibberellins by Kyowa Fermentation 
Co.) and of indole-3-acetic acid, at 25-3°-+ 02°C. 
The pieces were subjected, in solution, to a longi- 
tudinal tension of 2-5 gm., and the increase in 
distance between two marks on each piece was 
measured with a cathetometer. 

A representative set of results are illustrated in 
Fig. 1. The piece treated with indole-3-acetic acid 
shows temporary extension and contraction re- 
spectively at loading and unloading, regular elonga- 
tion following in both cases. The control piece 
behaves similarly, but with smaller amplitudes. On 
the other hand, the piece treated with gibberellin 
scarcely elongates under load; rather it tends to 
elongate when unloaded. 

Tagawa and Bonner’s method® was modified so 
that the stem piece was bent while it was held in 
the solution. The stem piece was soaked for 2 hr. 
m a solution of indole-3-acetic acid (10 mgm./l.) 
or of gibberellin (20 mgm./l.) or in distilled water, 
and then a tangential force was applied to one end 
with a weight. The piece bent as A BC C’ (Fig. 2). 
The degree of bending varied considerably from piece 
to piece. However, a smaller variance was obtained 
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Fig. 1. Changes, due to loading and unloading, of the distance 
between two marks on a stem piece soaked in water and in 
solutions of indole-3-acetic acid and of gibberellin 


by taking the ratio of the angle increment in the first 
minute (A—B) to that in a longer period (for example, 
A—C’). This ratio can be called the ‘relative incipient 
bending’. When the force was removed at C, the 
piece unbent to C D E, due to its elasticity. The 
remaining angle, that is A—-D or A—E, represents 
the plasticity. 

As shown in Table 1, the relative incipient bending 
is enhanced by treatment with indole-3-acetic acid. 
and is lowered by treatment with gibberellin, as com- 
pared with the control. These results show that: 
indole-3-acetic acid makes the stem piece more 
yielding to an extending force while gibberellin makes: 
it less so. Similarly, the plasticity is increased by 
indole-3-acetic acid and decreased by gibberellin. 


Plasticity 


Time (min.) 


Fig. 2. Diagrammatic representation.of process of bending and 
unbending 
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Table 1. RELATIVE INCIPIENT BENDING AND PLASTICITY OF THE PEA 
STEM PIRCE PRETREATED WITH INDOLE-3-ACETIO ACID, GIBBERELLIN 
OR WATER FOR 2 HE 

For A, B, C, C’, D and EZ, see Fig. 2. Heavy load, 686 mgm. ; 
load, 4 456 mgm. ‘Average of five samples and probable error 


bending 
(per cent) 


light 


Plasticity (after heavy 
loading) (per cent) 


Heavy load | Light load 


Indole-3- 
54°742°7 


44-741-7 | 
50-9+3-1 


60-7+1°8 


61-941°3 
54°842°1 


_ 67°842°5 


6446 | 56-745 


Controf 


* Too much one occurred within 20 min. 


It is therefore suggested that gibberellin has an 
effect opposite to that of auxin on the extensibility 
and particularly the plasticity of the stem. Details, 
together with further studies, will appear elsewhere. 
8. Yopa 
J. ASHIDA 


Department of Botany, 
Kyoto University, 
Kyoto, Japan. 
July 2. 
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*{Cleland, R., and Bonner, J., Plant Physiol., 31, 350 (1956). 
. Ordin Thomas, H. A., and Bonner, J., Plant Physiol., 31, 44 
* Kobayashi, 8., Hatakeyama, I., and Ashida, J., Bot. Mag. Tokyo, 
69, 16 (1956). 
* Tagawa, T., and Bonner, J., Plant Physiol., 32, 207 (1957). 


Effect of Gibberellin on Sunflower Tissue 
Culture 


REcENTLY Nickell! reported the effect of gibberellin 
on several plant tissues grown in vitro. The results 
were generally non-specific. Sunflower petiole crown- 
gall tissue growth was inhibited rather drastically by 
10 p.p.m. of gibberellin, whereas tobacco and sweet 
clover were somewhat enhanced by it. Schroeder 
and Spector? showed marked increased effect of 
gibberellin on growth of mature citron explants in 
the presence of indoleacetic acid, but very limited 
growth in its absence. The accelerating influence or 
interaction of indoleacetic acid on other growth 
factors (for example, kinetin*) and gibberellin‘ 5 has 
been a well-observed fact in many experiments and 
observations relating to correlation of growth factors*. 

In the experiments reported here tissue of sun- 
flower origin’ was used. The method was similar to 
that used in former experiments with this tissue’. 
The gibberellin was added to the media containing 
indoleacetic acid or lacking it to make final concen- 
trations of 0-001 to 1-0 p.p.m. for habituated tissue 
(H,), and 0-2 to 200 p.p.m. for tumour tissue (Pv). 
The media (pH 6-0) were autoclaved at 20 pounds 
pressure for 15 minutes. There were 5 replicates at 
each concentration of gibberellin. The weights were 
taken after 8 weeks growth. 

The results are strongly in agreement with Nickell, 
indicating a non-specific influence. Tumour tissue 
appears to be generally inhibited by the addition of 
gibberellin. There is no significant increase in any 
of the concentrations. Tumour tissue, as might be 
expected®, grows better on medium lacking indole- 
acetic acid. Habituated tissue shows no response to 
gibberellin at the relatively low levels used. 
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Table 1. GrowTH OF SUNFLOWER TUMOUR TISSUE ON GIBBERELLIN 
tures 8 weeks old (10-5-58 to 3-7-58). Wet weight (gm.) 


Gibberellin 
(p.p.m.) 


GBA* + 
indoleacetic acid 


GBA* — 
indoleacetic acid 


200 


0 
0: d 
2: 
20 “86 


* GBA consists of Gautheret (} Knop) medium, Berthelot minor 
elements and addendum of vitamins, amino-acids, adenine sulphate, 


Table 2. EFFECT OF GIBBERELLIN ON HABITUATED TISSUE OF 
SUNFLOWER 
Cultures 8 weeks old (21-12-57 to 13-2-58). Wet weight (gm.) 


Gibberellin (p.p.m.) GBA + indoleacetic acid 


0 
0-001 
0-01 
0-1 
1-0 


These results are similar to those recorded for these 
same strains of tissues (plus the normal strain of 
sunflower callus tissue, H,) grown on the basal 
media, GBA (see Table 1), with and without indole- 
acetic acid, in the presence of kinetin at 0-01, 0:1 
and 1-0 p.p.m.*. In this experiment, also, H;, and 
H,, showed very little deviation from the controls, 
especially the normal callus, H,. 

The results of Nickell and those reported here seem 
to suggest a general principle in plant tissue culture, 
of the callus type, namely, that when tissue cultures 
which have been grown for many passages on specific 
media are subjected to certain new factors, such as 
gibberellin and kinetin, they no longer adapt or 
respond as rapidly as do freshly cut explants such as 
carrots used for certain chemical assays!® or the 
citron tissues of Schroeder and Spector. These slices 
are more like the original tissues im vivo where 
gibberellin especially is most demonstrative in its 
effects on growth. 

I wish to thank Chas. Pfizer and Co., Inc., for 
supplying the gibberellin. 

James H. M. HENDERSON 

Carver Foundation, 

Tuskegee Institute, 

Alabama. 
July 15. 
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Synthesis of Blood Protein by the Fat 
Body in the Silkworm, Bombyx mori L. 


THE concentration of protein in the blood of 
insects changes remarkably in the course of meta- 
morphosis'. I have shown that the concentration of 
blood protein increases after the middle period of the 
last larval instar* in the silkworm. It is not yet 
clear, however, what organ is concerned in the 
synthesis of blood protein in larval stage, although 
there are reports by Sissakian and Kuvaeva® that 


> 
Zz 
a 
| 
el Gi | | 
0°35 
0-28 
0-32 
0-36 
0-36 
ay 
~ 
4 
oy: 
; 


nor 


or 


No. 4639 


oT 


M 


Protein increase (mgm.) 
to 
T T 
° 
° 


0 1 1 l 
1 2 3 4 5 
Time (hr.) 


Fig. 1. Increase in the amount of protein in the tissue (7’) and 
in the medium (M) during in vitro protein es by the fat 
body. Initial amount of protein in the tissue, 34-2 mgm. 


blood itself synthesizes the protein in the pupal 
period of the silkworm. It was demonstrated that 
the content of protein in the fat body per individual 
remained almost constant after the middle period in 
the last larval instar, meanwhile activity to synthesize 
protein by the tissue was rather high in the same 
period‘*, In order to elucidate the fate of the 
protein, the following experiments were carried out. 

In the first experiment, net synthesis and secretion 
of protein by the fat body was demonstrated. The 
fat body of the silkworm, 500 mgm., was incubated 
in a medium consisting of 1-6 ml. of saline solution 
(sodium chloride 0-4, potassium chloride 0-05, cal- 
cium chloride 0:02, magnesium sulphate 0-01 per 
cent and phosphate buffer M/150, pH 7-0), 0-4 ml. of 
boiled extract of blood, 20 mgm. of casein acid 
hydrolysate as amino-acid source and 10 wmoles of 
adenosine triphosphate, for 1-5 hours at 30°C. After 
incubation, medium and tissue were separated by 
filtering through paper and determination of protein 
content was carried out on both the fractions. The 
result shown in Fig. 1 indicates that protein content 
in both fractions increases. The increase was com- 
pletely inhibited by addition of 2 : 4-dinitrophenol. 
No disintegration of the tissue seems to occur during 
the tissue culture in such a short time as five hours. 
Therefore, it is highly probable that the increase in 
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Fig. 2, Increase of the specific aotivity of protein in the tissue 
(Py ) and in the medium (it) dur ng the in vitro incorporation of 
belled ng by the fat body 
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protein content in both tissue and medium shows the 
synthesis of protein in the tissue and the secretion 
thereof into the medium. 

In the second experiment, the incorporation of 
amino-acids labelled with carbon-14 into protein was 
investigated to confirm the synthesis and the secretion 
of protein by the tissue. The reaction was carried 
out in a medium consisting of 0-8 ml. of saline 
solution (the same constituent as preceding experi- 
ment except that sodium chloride was 0-7 per cent), 
0-2 ml. of boiled extract of blood, 1 per cent glucose, 
5 umoles of adenosine triphosphate, 0-5 uc. of labelled 
amino-acid mixture (isolated from Euglena cultured 
in a carbon-14-dioxide atmosphere), and the 200 mgm. 
fat body at 33° C. After incubation, medium and 
tissue were separated as above and fractionated to 
obtain the protein fraction. Radioactivity in each 
of the protein fractions was measured by a gas-flow 
counter and the specific activity calculated (c.p.m./ 
mgm. protein). The radioactivity of substances 
adsorbed on to the protein was subtracted from the 
experimental value. As shown in Fig. 2, after five 
hours incubation the specific activity of the medium 
protein reaches a level far higher than that of the 
tissue protein. If the medium protein consists of a 
part of tissue protein broken down during the incuba- 
tion, the specific activity of the medium protein 
should be the same as, or even lower than, that of the 
tissue protein. This result indicates strongly that 
the fat body synthesizes and secretes a certain kind 
of protein. 

In the third experiment, the nature of the protein 
secreted by the fat body was investigated by paper 
electrophoresis. This was carried out on a strip of 
Téyé filter-paper No. 51 for 15 hours at room tem- 
perature with a current of 0:5 m.amp/cm. at 200- 
100 V. using veronal buffer (0:05 M, pH 8-6). The 
result is shown in Fig. 3. The mobilities of the main 
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of protein synthesis in vitro by the fat body, and of blood 
protein at the eighth day of the fifth larval instar 
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components of the medium protein were similar to 
those of the globulin components of blood protein. 
It is generally accepted that blood protein of the 
silkworm consists of three main components and one 
less conspicuous component M. The former are 
albumin (A) and two globulins (G I and G@ I), the 
M component appears only in females at the prepupal 
stage®’. Furthermore, in blood, the ratio of the two 
globulin components to the total protein content 
increases after the middle period of the fifth instar’. 

The rate of increase in quantity of blood protein 
was about 13 mgm. per individual per day during the 
later half of the last larval instar. In the first experi- 
ment, the increase of protein in the medium after 
5 hours in vitro corresponds to about 12 per cent of 
the initial amount of tissue protein. In the silkworm, 
the amount of protein in the fat body remains almost 
constant at about 20 mgm. per individual during the 
second half of the last larval period‘. Therefore, the 
quantity of protein secreted by the fat body can be 
calculated as about 12 mgm. per individual per day, 
about the same as the increase in blood protein in 
vivo. 

From these facts, I propose that the fat body of 
the silkworm synthesizes globulins and secretes them 
into the blood circulation in a larval stage, at least 
in the fifth larval instar. 

The molecular weight of the globulin components 
of blood protein is, however, large according to Oda‘, 
and the mechanism of secretion of these components 
of high molecular weight still remains unknown. 

I wish to thank Mr. Hiro-o Takeshita and Miss 
Tomoko Koyasako for technical assistance in this 
work. 

HaJIME SHIGEMATSU 
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Effects of Rust Infection on the 
Carbohydrate Metabolism of Wheat 
Seedlings 
In the course of studies on the nature of resistance 
of plants to disease, experiments were performed to 
determine the effect of stem rust (Puccinia graminis 
Pers. f. sp. tritici Erikss. and Henn., race 34) in- 
fection on the distribution of the carbon-14 of photo- 
synthetically fixed carbon-14 dioxide among the 
sugars in the wheat varieties Gabo 54 and Little 
Club. These varieties are resistant (reaction type 1) 
and susceptible (reaction type 4), respectively, to 

race 34 of the pathogen. 

Seedlings, grown in nutrient solution, were in- 
oculated at the two-leaf stage on both their leaves, 
while comparable seedlings remained uninoculated 
to serve as controls. Seven days later, both the 
inoculated and then diseased séedlings, and the 
uninoculated healthy controls were placed in an 
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Fig. 1. Autoradiogram of chromatograms of the sugars in healthy 
and stem-rust infected (diseased) wheat leaves, grown in an atmo- 
sphere containing carbon-14 dioxide 
atmosphere enriched with carbon-14 dioxide, in the 
light, for 1 hr. Immediately afterwards, the first two 
leaves were extracted with 80 per cent boiling ethanol. 
They were further extracted with 30 per cent boiling 
ethanol and finally, in a Soxhlet extractor, with 
90 per cent ethanol. The three fractions thus obtained 
were combined, and the alcohol was removed by 
vacuum distillation, the chlorophylls by extraction 
with benzene, and the ionic substances by treatments 
with ion-exchange resins'. The resulting purified 
sugar solution was analysed by 1-dimensional paper 
chromatography, using n-butanol/acetic acid/water 
(4: 1:5 v/v/v) as the solvent and Whatman No. | filter 
paper. The chromatograms were irrigated and dried 
three times before development. The position of the 
radioactive components on the chromatogram was 
detected by autoradiography. Sugars were identified 
by 2-dimensional co-chromatography and by their 

colour reactions to specific reagents?. 

At least nine radioactive bands were detected on 
the chromatograms in all cases (see Fig. 1). The 
sugars in six of these bands were identified as 
raffinose, melibiose, maltose mixed with an un- 
identified compound, sucrose, glucose and fructose. 
The three other bands, which included the origin, 
contained unidentified compounds. One additional 
band was detected on the chromatograms of the 
extract of diseased leaves of the susceptible variety, 
Little Club. This band split into two when the paper 
was irrigated for a longer period of time than that 
used in preparing the chromatograms of the auto- 
radiogram of Fig. 1. The compound in one of these 
two bands was sedoheptulose, that in the other band 
was not identified. 

All the sugars that were identified in this work 
had previously been reported to occur in wheat 
leaves*:*, except maltose and sedoheptulose. In view 
of the fact that infection was light, and as a con- 
sequence mycelium and spore production was small, 
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it can be assumed that, except for amounts probably 

too small to be detected by the method used, all 

the radioactive sugars detected in leaves occurred 
in the host cells. 

The accumulation of carbon-14 in sedoheptulose 
in rusted leaves of the susceptible plants was the 
most striking metabolic alteration caused by infection. 
However, infection affected also the amount of 
earbon-14 fixed in the other sugars. In general, the 
relative radioactivities of the sugars were increased. 
by infection. Sucrose was an exception, its radio- 
activity being decreased. The relative radioactivities 
of the sugars as modified by infection, suggestions 
respecting the biochemical mechanisms responsible 
for the pathological accumulation of sedoheptulose 
and alterations in the distribution of carbon-14 
among the sugars, and comments on the significance 
of these results in relation to resistance and suscept- 
ibility to rust, will be published elsewhere. 

Financial support by the National Research Council 
and the Colombo Plan Administration in Canada is 
gratefully acknowledged. 

A. C. JAIN 
R.-L. PELLETIER 
Department of Plant Pathology, 
Macdonald College of McGill University, 
Quebec. 
July 9. 
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Induced Resistance of Mice to Infection 
with Brucella abortus 2308 through 
Vaccination with BCG 


Non-specriric factors affecting the immunological 
state of the host have recently been the subject of 
many investigations. Some of these were concerned 
with the increase in resistance to tuberculosis!-‘. 
The enhancement of resistance of mice to B. abortus 
infection following vaccination with BCG appears not 
to have been reported so far 

Swiss albino mice weighing 15-18 gm. were used. 
All immunization and challenge doses were admin- 
istered intra-abdominally. A group of mice were 
injected with 0-4 mgm. of BCG cells taken from a 
three-week culture on Petragnani’s medium. Another 
group were injected with 2 mgm. of heat-killed (1 hr. 
at 70° C.) BCG taken from the same medium. Groups 
of five mice from the animals immunized with living 
BCG were challenged at two, three, four and six 


Table 2. RADIOACTIVITY (0.P.M.) IN THE SPLEENS OF MICE VACCIN- 
LIVING OR KiLLED BCG 


ATED WITH AND CHALLENGED WITH RADIO- 
YODINATED B. abortus 
Counts per min. in spleens of 
Mice No. |Mice vaccinated! Control |Mice vaccinated | Control 
with living BCG* mice with killed BCGt} mice 
1 2,588 5,351 1,994 4,610 
2 4,658 6,091 4,645 ’ 
3 428 2,320 1,225 4,947 
4 2,869 4,415 1,501 2,983 
5 171 667 430 2,766 
6 197 1,098 5, 
7 1,604 5,723 
8 5,535 
Mean 
count- 
ing rate 1,818 4,168 1,785 4,785 


* Interval between vaccination and challenge, 84 days. {19 days. 


weeks after immunization with 0-2 ml. of a suspension 
of the virulent B. abortus 2308, containing 30,000 
cells. Groups of five mice from the animals immunized 
with killed BCG were similarly challenged at two and 
four weeks after immunization. Control groups of five 
mice were also injected with Brucellae and included in 
the experiment. Seven days after challenge all mice 
were killed with ether and their spleens removed 
aseptically. The five spleens of each group were 
homogenized and suspended in 25 ml. tripticase soy 
broth. 0-2 ml. of 1:10 and 1: 100 dilutions of this 
suspension were spread on tripticase soy agar plates. 
The colonies were counted after four days incubation 
at 37°C. Table 1 shows the results of this experiment. 

The number of Brucella cells in the spleens of 
normal mice was 25-300 times larger than that 
in the spleens of mice vaccinated with living BCG. 
The immunizing effect of killed BCG was less 
marked. However, the spleen counts of mice 
vaccinated with killed BCG were 5-36 times less 
than those of non-vaccinated controls. Such differ- 
ences can be regarded as an indication of a marked 
immune state. 

The immunizing effect of BCG was confirmed with 
an additional technique. It was recently reported 
that following intra-abdominal inoculation, the dis- 
tribution of killed, radioiodinated Brucellae in the 
organs of specifically immunized mice was strikingly 
different from that in the organs of normal animals’. 
The spleens of immune mice collected a lower amount 
of radioactivity than the corresponding organs of the 
normal animals. Table 2 shows that a similar distribu- 
tion of Brucellae could be induced when BCG was 
used for immunization. Groups of mice were vaccin- 
ated with 0-1 ml. of a ten-day “T'ween’ albumin culture 
of BCG or with 2 mgm. of heat-killed BCG grown 
on Petragnani’s medium. These mice and normal 
controls were injected intra-abdominally with 0-3 
mgm. (~ 100,000 counts per min.) radioiodinated 


Table 1. MULTIPLICATION oF Brucella abortus 2308 IN THE pgs ga OF MICE VACCINATED WITH M. tuberculosis BCG, 2, 3, 4 and 6 WEEKS PRIOR 
TO CHALLENGE 


No. of cells recovered from spleens and protection indices* 
BCG cells used for | 2 weeks 3 weeks 4 weeks | 6 weeks 
immunization 
N Pt. N P.l. N PA. N Pid. 
Living 5,675 95 4,500 25 9,000 55 500 300 
Heat-killed 15,000 36 96,750 5 
None (controls) 540,000 — 112,500 _ 502,000 | — 150,000 _ 


N = number of cells. 
* P.I. = protection index = No. of bacteria in spleens of control mice 


No. of bacteria in spleens of immune mice 
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Brucellae which had been killed with acetone and 
6 hr. later the animals were killed, the spleens re- 
moved and counted in a scintillation counter. 

The counts in the spleens of the vaccinated mice 
were twice as small as those in the unvaccinated ones. 
This difference is an indication of immunity. A 
detailed report will be given later. 

A. BEKIERKUNST 
D. SunrrzEANu 
Department of Bacteriology, 
Hebrew University, 
Hadassah Medical School, 
Jerusalem. 
July 17. 
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Brit. J. Exp. Path., 37, 597 (1956). 
* Dubos, R. J., and Schaedler, R. W., J. Exp. Med., 106, 703 (1957). 
‘ or ‘at Schneider, P., and Fong, J., J. Exp. Med., 106, 545 
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Antituberculous Factors of Milk 


Mrtx and milk-whey have been found to contain 
one or more anti-tuberculous agents'. The admin- 
istration of milk, milk-whey or the dialysate of the 
latter which passed through a ‘Cellophane’ mem- 
brane, inhibited the development of experimental 
tuberculosis in the mouse. The question arises whether 
an inhibitory influence on the mycobacterium is 
responsible for this effect. If so, the material obtained 
from milk should be effective in vitro. In vitro 
experiments with milk, milk-whey and its dialysate 
were therefore performed. 

In these tests the material was diluted with 
Kirchner’s medium before Seitz-filtration. When 
milk, milk-whey or milk-whey dialysate were con- 
centrated in vacuo and diluted with the medium to 
reconstitute their original concentration in the milk, 
total growth inhibition of Mycobacterium tuberculosis 
strain H37Rv occurred. No extraneous antiseptics 
or antibiotics were used in feeding the cattle or 
in milking or dairying. Inhibitory activity was also 
found in goats and human milk. 

Further experiments, which are summarized in this 
communication, were attempted in order to con- 
centrate and characterize the active principle from 
cow’s milk. 

As a first step, milk-whey was adsorbed on charcoal 
(‘Karborafin’, HruSovské chemické zdévody). This 
retained about half the activity, which could be 
desorbed with glacial acetic acid after a preliminary 
wash with water. The dry residue of the acetic 
eluate represented less than 10 per cent of the dry 
weight of the whey and contained, besides other 
substances, much lactose, lactic acid and peptides. 
On fractional precipitation the activity remained 
largely in the liquid phase up to a concentration of 
90 per cent acetone, most of the lactose and peptides 
of higher molecular weight being precipitated. 

Distribution between an acid-aqueous phase and 
an organic one, such as chloroform, made it possible 
to separate the inhibiting activity into lipophilic and 
hydrophilic factors. The lipophilic fraction contains 
most of the activity (Table 1). When distributed 
between benzene and an aqueous bicarbonate solu- 
tion, the activity in the lipophilic fraction separates 
inte two fractions, most of the activity passes into 
the bicarbonate layer, but some remains in the 
benzene and cannot even be extracted with 1 N 
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Table 1. FRACTIONATION PROCEDURE 
Milk-whey U in 1501.) 


Effluent and water 
ngs 
(25,000 U in 150 1.) 


Adsorbate on charcoal : 
eluted with acetic acid 
(33,000 U in 4 gm.) 


4 
Lipophilic fraction 


+ 
Hydrophilic fraction 
(280 b in 14 gm.) (69,600 U in 9 gm.) 
adsorbed on cationexchange Bicarbonate Ben 


zene 
resin, with: (56,500 Vin1-8gm). (34,500 U in6-9 gm.) 


Water 5 per cent and conc. ammonia 4 
U in 2-7 gm.) Saponification nitrogen 


Counter-current distribution | { 
‘Acid’ fraction Unsaponifiable 
Main fraction (35,000 Uin 1-75 gm.) (5-1 gm.) 
(2,570 U in 0-3 gm.) 


sodium hydroxide. The activity which passed into 
bicarbonate can be re-extracted in an organic solvent 
after acidification, and thus behaves like an organic 
acid. Fatty acids of medium chain-length, especially 
lauric acid, were identified and estimated by reversed- 
phase paper chromatography*. Calculations and 
comparative inhibition tests showed that the satur- 
ated straight-chain fatty acids of medium chain- 
length, although active against Mycobacterium tuber- 
culosis*, cannot be responsible for more than 1-5 per 
cent of the activity of this fraction. 

The ‘neutral’ (more lipophilic) fraction can be 
saponified by alkali, and after removing the un- 
saponifiable material an active fraction can be ex- 
tracted into bicarbonate from benzene. It also con- 
tains fatty acids of medium chain-length, but these 
are no more active than the fatty acids of the other 
acid fraction. 

Most of the growth-promoting substances are con- 
centrated in the hydrophilic fraction, together with 
the inhibitory principle, and they thus partially mask 
its activity. Further purification therefore is accom- 
panied by a rise not only of specific activity but also 
of overall activity (Table 1). Owing to its cationic 
character the active principle can be retained on a 
cation exchange column (FN, Stalinovy zavody, con- 
taining sulphonic groups). It is not washed out by 
water but 5 per cent ammonia begins to elute it. 
A considerable rise of activity occurs. Further 
purification is obtained using a counter-current 
distribution between n-butanol and water acidified 
to pH 3. 

This hydrophilic factor is not retained on anion 
exchange resins and therefore differs from the urinary 
principle described by Bjérnesjé*. The protein 
lactenin, isolated by Jones*, can likewise be excluded, 
but similarity to the basic tissue peptides studied 
by Dubos‘ and Bloom’ is possible. 

It can thus be concluded that at least three factors 
inhibitory to the growth of M. tuberculosis H37Rv in 
a liquid medium are contained in cow’s milk-whey. 
The elucidation of a possible relationship between the 
substances active in vitro and the protective activity of 
milk-whey in experimental mouse tuberculosis awaits 
further study. 

Concentrates of the hydrophilic factor (1,000 U/ 
gm.) (one U is defined as the amount per ml. cultiva- 
tion medium that causes a 50 per cent inhibition of 
growth in M. tuberculosis H37RV) and of the lipo- 
philic factor (5,000 U/gm.) were tested against the 
following bacteria: Streptococcus haemolyticus 8; 
Staphylococcus pyogenes aureus (Oxford) ; Escherichia 
coli ; Pseudomonas aeruginosa; and Bacillus subtilis. 
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No inhibition was observed up to a concentration of 
10 mgm./ml. test solution in plate tests and up to 
the concentration of 1 mgm./ml. in liquid cultures, 
thus demonstrating a high antibacterial specificity. 
The inhibitory activity of the unfractionated con- 
centrate against Mycobacterium tuberculosis H37Rv 
was not removed by the addition of ox serum instead 
of tween-80 to the liquid medium. (We are indebted 
to Dr. V. Byd%ovsky and Mrs. A. Cizkova for these 
results. ) 

The concentrate was also active against Myco- 
bacterium tuberculosis (H37Rv and several first cul- 
tures) in solid medium according to Lowenstein, 
but inactive against the BCG strain, Mycobacterium 
phlei and M. smegmatis. (These tests were performed 
by Dr. Sula and Dr. Svachulové in the Research 
Institute for Tuberculosis, Prague.) 
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Effect of Total Body Irradiation on 
Capillary Permeability 

Ir seems to be generally accepted that increased 
permeability of the capillary wall is one of the basic 
changes caused by exposure to massive X-irradiation. 
It must be emphasized, however, that the proofs for 
this supposition are very inconclusive. Tendency to 
bleeding and diffuse hemorrhages may be produced 
not by increased permeability, but (besides the 
accompanying hematologic disorders) by an increase 
of capillary fragility, that is of susceptibility to 
injuries of the capillary wall. 

The permeability of capillaries can only be tested 
by substances passing through their walls by filtration 
or diffusion. An increase of permeability is indicated 
by a more rapid passage of these substances, espe- 
cially of plasma proteins and of colloids in general. 
Systematic studies on the passage of colloids through 
the capillary walls in irradiated animals are few. 
The decrease of plasma concentration depends, 
however, not only on the transcapillary migration of 
the colloid molecules but also on the return of 
the labelled protein by way of the lymphatic 
channels. 

The purpose of the present studies was therefore 
to investigate the disappearance of labelled plasma 
proteins from the circulation as well as their transport 
through the lymphatics after massive total body 
X-irradiation. 

All investigations were carried out on normal 
mongrel dogs of 8-5-19-5 kgm. body-weight. Animals 
were subjected to total body X-irradiation ranging 
from 500 to 700 r., delivered from a Siemens-Stabili- 
volt therapy unit at dose-rates about 17-6 r./min., 
other radiation factors being 180 kV., 15 m.amp., 
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Fig. 1. Concentration in blood plasma of inpetet, Evans-blue 
and albumin labelled with iodine-131 in normal and in irradiated 
dogs with thoracic duct fistula. , Normal dogs; ----, 

irradiated animals 


1 mm. copper, and 85 cm. target-skin distance. On 
the third to the twenty-fifth day after irradiation the 
dogs were anzsthetized with chloralose (0-1 gm./kgm.) 
and a polyethylene tube was inserted into the thoracic 
duct at its junction with the great veins. 1-6 ml. of 
iodinated human serum albumin (iodine-131 activity 
2-3 uc.) and 2-3 ml. of a 0-5 per cent Evans-blue 
solution were injected intravenously and plasma and 
lymph samples collected. In control experiments the 
same procedure was performed in 9 normal dogs. 
Besides the well-known decline in erythrocyte 
count and an extreme fall of the leucocyte count, a 
slight diminution of plasma protein concentration 
(1-1 gm. per cent; standard deviation, s = 1-1; 
P =5 per cent) was detected. In contrast to the 
results of Ferrell, Turner and Overman! a decrease 
of circulating plasma volume (—15-1 per cent; 
8s = 8-7) occurred. This decrease was, however, 
roughly parallel with the loss of body-weight (—16 per 
cent ; s = 7-7). As regards the disappearance of the 
tagged protein and of Evans-blue injected, there was 
no significant difference between the irradiated 
animals and the controls (Fig. 1). The fraction of 
albumin labelled with iodine-131 and of Evans-blue 
leaving the circulation in one minute (k) calculated 
after Wasserman and Mayerson? was practically 
identical in both groups of animals. (In the first 
30 minutes the value of k as 0:00669 ; s = 0-00180 


Controls 


L/P (per cent) 


56 15 20 60 90 120 
Time (min.) 


Fig. 2. The effect of irradiation on the equilibration between 

plasma and lymph of injected labelled protein. Z/P, Concentra- 

tion in lymph/concentration in plasma as percentage. ...... ‘ 
Evans-blue ; , albumin labelled with iodine-131 
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for Evans-blue ; 0-00775, s = 0-00433 for albumin 
labelled with iodine-131 in the irradiated; and 
0-00699, s = 0:433; 0-653; #s = 0-00302 respec- 
tively in the normal dogs. Between 30 and 90 minutes 
after injection the respective values were 0-00191, 
s = 0:00072; and 0-00245, s = 0-00154 in the 
irradiated ; 0-00223, s = 0-00138; and 0-00226, 
s = 0-00077 in the normal dogs for Evans-blue 
with respect to albumin labelled with iodine-131 ; 
the differences were not significant.) The concen- 
tration of Evans-blue and labelled albumin in the 
lymph in the irradiated dogs definitely rose more 
slowly than in the controls, and 90-120 minutes after 
the injection attained only 42-3 (Evans-blue) and 
39-9 (labelled albumin) per cent of the plasma 
concentration, whereas in the controls the relative 
concentrations were 82-1 and 78-8 per cent (Fig. 2). 
Due also to a decrease in flow of lymph, the back- 
of the labelled protein from the tissue 

to the circulation was greatly reduced. During 

the first hour the leakage in the normal dogs amounted 
to 26-1 (¢ = 4-6) per cent of injected Evans-blue and 
18-7 per cent (s = 5-5) of albumin labelled with 
iodine-131. In the irradiated animals the respective 
values were 21-1 (s = 3-1) per cent; the differences 
were not significant. On the other hand, during the 
same period, the thoracic duct in the normal animals 
transported 4-96 (s = 2-66) per cent of injected 
Evans-blue and 3-93 (s = 1-66) per cent of labelled 
albumin, whereas in the irradiated animals the lym- 
phatic returns were respectively only 0-46 (s = 0-30) 
and 0-39 (s = 0-24) per cent of the injected amount. 

In 4 out of 7 irradiated animals the lymph con- 
tained a considerable amount of erythrocytes (49,000— 
625,000 per mm.’). 

In our experiments on irradiated animals no 
increase in rt of colloidal molecules through 
the capillary walls could be detected. The return of 
the extravasated protein molecules by way of the 
lymphatic channels was, however, greatly reduced. 
The appearance of hemorrhagic manifestations as 
well as of red blood cells in the lymph detected by 
Furth e¢ al.* and observed also by us indicates 
marked capillary damage, but, as we have already 
pointed out, this phenomenon has no direct connexion 
with the passage of colloidal molecules. In normal 
circumstances plasma proteins leave the circula- 
tion at a constant rate, passing across pores of 
molecular dimensions. As colloidal molecules can- 
not re-enter the capillaries the magnitude of this 
transcapillary exchange can be estimated by investi- 
gating the lymphatic transport. Porker, Chaikoff 
and Reinhardt‘ established that in the dog approxi- 
mately half of the total plasma protein traverses the 
thoracic duct per day. In view of the large trans- 
capillary exchange of protein under normal circum- 
stances, and the comparatively large total pore surface 
area, the leakage of protein through the openings in 
the damaged capillary wall may presumably be 
neglected. 

Our results suggest that the return of extravasated 
protein through the lymphatic channels is greatly 
reduced in irradiated animals. 

A decreased lymphatic transport of tagged protein 
must result (without any acceleration of passage 
through the capillary walls) in a quicker decrease of 
its plasma concentration, as observed by Wish et al.°. 
In our investigations, however, the main lymphatic 
trunk being divided, this phenomenon could not be 
devected. As protein leaving the circulation can 
return by way of the lymphatic channels only, delayed 
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lymphatic transport leads to considerable loss of 
plasma protein. 
G. SzaBo6 
S. Macyar 
P. Kerrar 
E. ZApory 
Ist Department of Medicine, 
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Origin and Connexions of the Central 
Nutrient Mass in Lumbricus 
Spermatogenesis 


ExXaMINED by electron microscopy, the central 
nutrient mass around which spermatogonia up to 
spermatozoa are attached is seen to be non-nucleated 
and to contain mitochondria (M, Fig. 1) and various 
types of nutrient spheres and vacuoles. All spermatic 
cells are connected to this central mass by bridges (J, 
Fig. 1) which become much attenuated as the sperm- 
atic cells develop. The central nutrient mass is 
developed in the middle of the spermatogonial 
syncytium during early growth stages of the spermato- 
cytes, and through these bridges all cells draw upon 
this store equally for their development into sperm- 
atozoa, thus being kept in step. 


Fig. 1. (x 19,000) 


as 
a 
— — 


In Fig. 1 the oriented spermatid contains the 
mitochondrial nebenkern (N) at the posterior end of 
the nucleus, the proximal centriole lying in between. 
The distal centriole and the flagellum are at (C) and 
the Golgi body at (G). A further account of this 
work is being published elsewhere. 

This work was performed in part under the auspices 
of the U.S. Atomic Energy Commission. 


J. Bronté GATENBY 


Argonne National Laboratory, 
Lemont, Illinois. 
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National Cancer Institute, 
Bethesda, Maryland. 
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Synaptic Transmission in a Sodium-free 
Medium 


THE observation of Lorente de N6!, that small 
frog axons (‘‘Et fibres’’) are excitable in media where 
the sodium is totally replaced by certain quaternary 
ammonium ions, has_ since been extended 
to crustacean muscle fibres*, frog A-fibres*.4, frog 
spinal ganglion cell-bodies’ and mammalian striated 
muscle*’? and nerve fibres. Such findings suggested 
that the membrane of muscle fibres and neurones in 
different species was capable of maintaining excit- 
ability when the external sodium was replaced by a 
favourable cation possessing a tetracovalent nitrogen 
atom. The purpose of the present study was to 
determine whether synaptic transmission could also 
be maintained in sodium-free media. It is well known 
that the membrane characteristics of the junctional 
region are somewhat different from those possessing 
the conductile activity, since the post-synaptic 
membrane produces graded responses by the action 
of the transmitter released from the pre-synaptic 
membrane. It was previously reported® that in the 
frog spinal ganglion cell-bodies hydrazinium ion was 
the most favourable substitute for sodium ion; the 
action potentials of cell-bodies being very similar to 
those observed in normal Ringer. An attempt to 
replace sodium ion by hydrazinium ion was quite 
successful; the neuromuscular transmission was 
restored in the sodium-free hydrazinium solution. 

Nerve sartorius preparations of frogs (Rana 
pipiens) were used. The sodium-free hydrazinium 
solution contained 2 mM potassium chloride, 1-8 mM 
calcium chloride with various amounts of hydrazine 
(Eastman) and sufficient sucrose to maintain iso- 
tonicity. Both the hydrazine base and the final 
_ were adjusted to pH 6-5 with hydrochloric 
acid, 

Neuromuscular transmission of the nerve sartorius 
preparations was completely blocked when soaked 
in a sodium-free 224 mM sucrose solution (containing 
2-0 mM potassium chloride and 1-8 mM calcium 
chloride) for 30-40 min. In addition, the individual 
muscle fibres lost their electrical excitability, and the 
sensitivity of the end-plate membrane to directly 
applied acetylcholine was greatly depressed as 
measured by the absence of any contraction upon 
the application of acetylcholine in concentrations less 
than 10-° gm./ml. No end-plate potential could be 
recorded by applying nerve stimulations. The dis- 
appearance of the end-plate potential caused by 


No. 4639 September 27,1958 NATURE 887 


lack of sodium is mainly due to a decrease in the 
amount of released acetylcholine rather than a 
decrease in the sensitivity of the end-plate mem- 
brane to it!*. It was quite certain, therefore, that the 
activity of the terminal endings of motor nerve fibres 
disappeared in a sodium-free sucrose solution, 
although the residual electrical activity of nerve 
twigs innervating the sartorius muscle was usually 
still detectable. 

A surprising restoration of neuromuscular trans- 
mission occurred in the preparations which were first 
immersed in sucrose for 60-90 min. and then in a 
solution containing 80-100 mM hydrazine. Normal 
muscle contractions were induced by nerve stimula- 
tions about 10-20 min. after re-immersion in these 
solutions. Meanwhile, the resting potential of the 
muscle fibres maintained a normal value, and prop- 
agated muscle action potentials, similar to those 
observed in normal Ringer, were produced by intra- 
cellular direct stimulations. However, the values of 
the threshold of muscle fibres were considerably 
larger than those obtained in normal Ringer. With 
nerve stimulations the end-plate potentials could be 
recorded from the end-plate regions, and the prop- 
agated muscle spikes were observed from muscle 
fibres. The muscle contractions, however, dis- 
appeared shortly after continuous nerve stimulations 
(1/sec.) were applied for 10-20 min., although the 
electrical activity of the nerve twigs innervating the 
sartorius muscle and the sensitivity of the end-plate 
membrane were maintained (visible muscle con- 
tractions were produced by direct applications of 
acetylcholine in concentrations of 10-7-10-* gm./ml.). 

These experimental results demonstrated that, in 
addition to the activity of the motor nerve axon‘, 
the activity of the muscle fibres with the post-synaptic 
membrane and of the motor terminal endings with 
the pre-synaptic membrane were also maintained in 
the sodium-free hydrazinium solution. Although a 
trace of sodium may be retained around the junctional 
regions, it is not likely that the concentration of 
sodium was sufficient to maintain transmission’®. It 
seems as if the hydrazinium ion is acting in exactly 
the same way as the sodium ion does upon the post- 
and pre-synaptic membrane. The experimental 
evidence" 12 obtained from spinal ganglion cell- 
bodies, however, seems to exclude this possibility. 
Recently, synaptic transmission in the sympathetic 
ganglion of frogs has also been found to be maintained 
in a sodium-free hydrazinium solution. 

This work was supported by U.S. Public Health 
Service Grant B-1650. 

K. Koxetsu 
S. NIsHI 
Research Laboratories, 
Department of Psychiatry, 
University of Illinois College of Medicine, 
Chicago. 
June 30. 
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Effect of Tryptophan Analogues on 
Reversion of a Tryptophan-requiring Strain 
of Escherichia coli 


Two years ago, Witkin' reported experiments 
indicating that protein synthesis was essential for 
the ‘fixation’ of the mutagenic state induced by 
ultra-violet irradiation. More recently, Doudney and 
Haas? have shown that at least two processes are 
involved in the production of bacterial mutations by 
ultra-violet irradiation ; the first process results in 
fixation of the mutation into the genome, the second 
involves a removal of the mutagen produced by the 
radiation. We would like to report experiments that 
indicate that protein synthesis is involved in the 
actual utilization or degradation of the mutagen pro- 
duced by ultra-violet irradiation. 

Washed broth cultures of a tryptophan-requiring 
mutant of Escherichia coli strain B/r (isolated in this 
laboratory) were used in these experiments. Reversion 
of this mutant to the prototrophic condition was 
determined by plating cell suspensions on Petri‘dishes 
containing minimal medium. Ultra-violet irradiated 
cells, irradiated in buffer, were incubated for 1 hr. 
at 35° in 10 ml. of liquid medium of the indicated 
composition contained in centrifuge tubes (Table 1), 
they were then collected, washed and re-incubated 
for 1 hr. as indicated after which they were plated 
on minimal medium C*. Survival was determined 
by plating on minimal medium C supplemented with 
tryptophan. The amino-acid mixture (AA) was pre- 
pared according to Witkin! and contained no trypto- 
phan. pt-Tryptophan, pi-5-methyl tryptophan and 
DL-tryptazan were added to give a concentration of 
40 ugm./ml. The tryptazan was a gift from Dr. H. R. 
Snyder. 

It is readily apparent that we have obtained the 
effect reported by Witkin; a large increase in the 
number of prototrophs was obtained by incubation 
immediately following irradiation in a medium rich 
in amino-acids. It is also apparent that the ‘mutagen’ 
produced by ultra-violet is stable when washed cells 
are incubated in medium with no tryptophan added 
or when 5-methyl tryptophan is added (Table 1). 
The mutagen disappears, however, following incuba- 
tion with DL-tryptazan. 

In order to make certain that the tryptazan effect 
is not due to a differential toxicity of this compound 


Table 1. 

OF 6-1 x 10° 

WERE IATED WITH ULTRA-VIOLET TO GIVE A SURVIVAL OF 

46 x 10° CmLiS/Mx. (7 PER CENT). ALL TREATMENTS WERE IN MINIMAL 
MEDIUM C SUPPLEMENTED AS INDICATED 


EFFECT OF POST-IKRADIATION INCUBATION ON THE YIELD 
TRYPTOPHAN-REQUIRING EZ. coli PER ML. 


Viable cells} Mutants/| Proto- 
Post ultra-violet treatment plated plate | trophs/10* 
yo 4-6 x 10 3-3 0-72 
lhr. AA, notryptophan | 5-2 10 2 
6 | Asin (a), followed by an 
additional hour in AA 
plus tryptophan 7-7 x 10° 97-6 127 
ec | 1 hr. in AA plus trypto- 
phan 6-3 x 10° 126 200 
d (c), plus an addi- 
tional hour in fresh med- 
ium of the same com- 
position 8-2 x 10° 144 175 
é | 1 hr. in AA plus methyl 
tryptophan 3-8 x 105 6 16 
| As but followed by 
an additional hour in 
AA plus tryptophan 5-9 x 10° 96-6 164 
g | 1 hr. in AA plus trypt- 
azan 70 x 10° 0 0 
h | Asin (g), but followed by 
ditional hour in 
AA plus tryptophan 5-7 x 10° ll 19 
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Table 2. EFFECT OF 5-METHYL TRYPTOPHAN AND OF TRYPTAZAN 

ON OPH VIABILITY. 3-5 x 10° CELLS PER ML. WERE 

IRRADIATED WITH ULTRA-VIOLET TO GIVE A SURVIVAL OF 4-6 x 10° 
VIABLE CELLS PER ML. (13 PER CENT) 


Viable Mutants/ Proto- 
Post ultra-violet treatment | cells plated | plate trophs/10* 
None 4-6 x 10° 133 2-9 
a | 1 hr. in AA plus trypto- 
phan 3-1 x 10° 198 640 
6 | Asin (a), followed by 1 hr. 
in AA plus tryptazan 2-5 x 10° 188 750 
ec | Asin(a), followed by 1 hr. 
in AA plus 5-methyl 
tryptophan 3:4 x 107 | 159 470 
d ge (a) ,followed by 1 hr. 
in AA plus tryptophan | 2-2 x 10’ 227 1,003 


on the prototrophs, the following experiment was 
performed (Table 2). Irradiated cultures were in. 
cubated for 1 hr. in medium containing an amino. 
acid mixture with tryptophan added, after which the 
cultures were washed, incubated in minimal medium 
with amino-acids plus tryptazan for 1 hr., rewashed 
and plated on minimal medium C. There is no 
inhibitory effect of tryptazan on cells which have 
already been fixed by preliminary incubation in 
amino-acids plus tryptophan. 

It is apparent that there is a striking difference in 
the effect of the tryptophan analogues 5-methyl 
tryptophan and tryptazan. In the presence of 
methyl tryptophan the ‘mutagen’ is stable, with 
tryptazan it disappears. We feel that this difference 
is related to the different use made of these analogues 
by H#. coli. Tryptazan is activated by the amino- 
acid activating enzyme‘ and is incorporated into the 
protein of H. coli‘. Methyl tryptophan is neither 
activated nor incorporated and in fact inhibits the 
activating enzyme. However, the proteins formed 
by the incorporation of analogues are often inactive 
biologically*. 

We suppose that the ‘mutagen’ produced by ultra- 
violet irradiation is consumed in some way as a result 
of the protein synthesis necessary for mutation fixa- 
tion. Formation of an abnormal protein, with trypt- 
azan substituted for tryptophan, results in disappear- 
ance of the mutagen, but without the production of 
mutations for which active protein is necessary. 
The mutagen is stable when protein synthesis 
is not possible, as in the presence of 5-methyl 
tryptophan. 

We would like to take this opportunity to thank 
Drs. M. Lieb, E. Witkin and C. Doudney for making 
available a large amount of their results prior to 
publication. This investigation was supported in part 
by contract A7'(30-1)1138 between Syracuse Univer- 
sity and the U.S. Atomic Energy Commission. 
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Genotypic Control of Crossing-Over 
on the First Chromosome of 
Drosophila melanogaster 


Waite it has long been known that crossing-over 
varies both with the environment? and with maternal 
stage of development*, relatively little is known 
about its genotypic control. Such information as 
exists is derived chiefly from the cytological observa- 
tion of chiasma-frequency*, although some is also 
available from the early work on Drosophila melano- 
gaster by Gowen* and by Detlefson and Roberts’. 
Since cytological observations can rarely provide 
detailed information about the distribution of points 
of exchange along the lengths of single chromosomes, 
it was thought worth while to examine the genotypic 
control of crossing-over by the genetical study of 
recombination. 

The experiment was designed to determine the 
effect of the autosomal genotype on the recombina- 
tion between three marker genes on the X-chromo- 
some, namely, white-eye (w), miniature wing (m) and 
bar-eye (B) (Fig. 1). Two long-inbred lines of D. 
melanogaster, Oregon (O) and Samarkand (S), together 
with their reciprocal F’,’s, were chosen for this pur- 
pose. Using a balanced lethal stock CyL/Pm ; H/Sb, 
the marked X-chromosome was introduced into each 
of these inbred lines. The design of the experiment 
was that of an orthogonal three-point linkage test*, 
and the estimation of recombination frequencies for 
each genotype in each of four environments (15, 20, 
25 and 28°C.) was undertaken by Fisher’s product 
method. 


346 209 


Fig. 1. Genetic map of the X¥-chromosome of D. melanogaster, 
showing the position of the three marker-genes. w, white-eye ; 
m, miniature wing ; B, bar-eye ; and C, centromere 


The results of the experiment are shown in Fig. 2, 
from which three points emerge. First, Oregon has, 
on average, a higher frequency of recombination than 
Samarkand ; and the F',, while consistently exceed- 
ing the mid-parent, nowhere exceeds both parents 
significantly, except in the case of the proximal seg- 
ment at 25°C. The difference between the inbred 
lines is highly significant (P < 0-001), as is that 
between the lines on one hand and their F,’s 
on the other. Since both the inbred lines may be 
regarded as virtually homozygous, it is clear that 
the variation of recombination-frequency with geno- 
type is not solely determined by the degree of hybrid- 
ity of the genotype, but also by its genic content. 
Nevertheless, it is equally clear that crossing-over 
can be related here to the heterozygous genotype, 
since the F’,’s exceed the mid-parent in this respect. 
This is similar to the situation in rye as shown by 
Rees and Thompson (ref. 3d). 

Secondly, the regional sensitivity of crossing-over 
to change in the environment varies markedly with 
genotype. Thus for Oregon and Oregon x Samark- 
and, the effect of change in the environment is more 
marked in the proximal than in the distal segment 
(when change is measured by the maximum difference 
between environments), and this is similar to the 
results of previous experiments’. Samarkand and 
Samarkand x Oregon, however, behave differently, 
for their frequency of recombination varies much 
less proximally than it does distally. The reason for 
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Fig. 2. Variation of recombination frequency of the (a) distal 
(w—m) segment and (6) proximal ie) segment with 2 of 
environment. 


Oregon, : ; Samarkand, x ; 
Oregon x Samarkand, ------- ; Samarkand x Oregon, ----x--- 


this difference between the genotypes is not clear, 
since the marked X-chromosome is approximately 
the same in all. On the other hand, the similarity 
of the reciprocal F',’s with their respective maternal 
lines strongly suggests that the maternal cytoplasm 
determines, to some extent at least, the pattern of 
response of crossing-over to change in the environ- 
ment. If, as Mather* suggests, high sensitivity to 
the environment is a property of the heterochromatic 
regions of the chromosome, then it may be that the 
distribution of heterochromatin varies with genotype. 
There is some evidence from certain Orthoptera that 
this can occur*®. On the other hand, high sensitivity 
to the environment may not be confined to the hetero- 
chromatic segments of the chromosomes. A further 
possibility is that the difference between Oregon and 
Oregon x Samarkand, and Samarkand and Samark- 
and x Oregon in regional sensitivity may be due to 
differences in the distribution of their chiasmata 
along the length of the X-chromosome. The present 
observations provide no means of distinguishing 
between these hypotheses. 

Thirdly, while there is a highly significant difference 
(P < 0-001) between reciprocal F,’s in their fre- 
quencies of recombination between w and m, the 
difference between them is negligible in the proximal 
segment. The difference in the distal region is in the 
direction expected if maternal cytoplasm is active 
in determining crossing-over in this segment. But 
if maternal cytoplasm were the sole determinant, 
then we should expect the curves relating recom- 
bination to environment in the F',’s to be the same 
as those of their maternal parents. With the ex- 
ception of the 25°C. environment, this expectation 
is clearly not realized. It is therefore evident that, 
in addition to the cytoplasm, the genotype must be 
having its effect in determining crossing-over in the 
distal as well as in the proximal segment. 

Thus we can see that the genotype controls not 
only the gross amount of recombination, but also 
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plays a part, together with the cytoplasm, in de- 
termining the pattern of response of meiosis to changes 
of environment. In other respects, the effect of the 
cytoplasm appears to be confined to a particular 
region of the chromosome. 

I thank Prof. P. T. Thomas and Dr. A. Durrant 
for advice and guidance during the course of this 
work and Prof K. Mather for his help and criticism 
during the preparation of this report. The investiga- 
tion was undertaken while in receipt of an Agri- 
cultural Research Council studentship. 
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Chromatid Breakage by Irradiation and 
the Oxygen Effect 


Since the demonstration by Thoday and Read’ 
that the yield of chromosome bridges and fragments 
produced in X-irradiated Vicia faba roots was 
influenced by the presence of oxygen during irradia- 
tion, more detailed investigations on the oxygen 
response of chromosome and chromatid aberrations 
have been carried out using Tradescantia micro- 
spores**, We have re-investigated the oxygen effect 
on the chromosomes of V. faba root tips, in order 
to make a detailed analysis of the influence of 
oxygen on the structure and frequency of the 
various chromatid aberrations induced by gamma- 
radiation. 

Roots were ieredinhed with cobalt-60 gamma-rays 
using doses of 35, 78, 121 and 198r. in de-aerated 
(nitrogen) water and similarly, with the exception of 
the highest dose, in aerated water. The lowest two 
doses were given in 3-5 min. and the highest doses 
in 3-9 and 4-7 min. respectively. The amount of 
mitotic delay was known‘ and was insufficient to 
affect valid comparisons between treatments. The 
mean frequencies of true chromatid breaks, iso- 
chromatid breaks and chromatid interchanges, de- 
termined from roots fixed between 34 and 5 hr. after 
irradiation, are shown in Fig. 1. 

The slopes of the curves relating frequency of 
aberration to dose have been determined and are 
given in Table 1. The results show that the presence 
of oxygen during irradiation increases the frequency 
of aberration, but does not change the shapes of the 
curves, the dose exponents in air and in nitrogen 
being similar (Table 1). As the shape of the dose- 
response curve for a given aberration is unaffected 
by the absence of oxygen, then the ratio of the doses 
in the absence and presence of air required to pro- 
duce the same frequency of aberration is simply 
determined and is found to be the same for the three 
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Fig. 1. Chromatid aberration frequency. Open symbols, air. 

Closed symbols, nitrogen. Mean chromatid break (—O—); 

isochromatid break {}—) and interchange (--- A ---) 
frequency for 400 cells at each point 


aberration types, nitrogen:air ~2-5 (Table 1). 
The nitrogen : air dose ratio for achromatic lesions, 
or gaps, is less than the ratio for the true chromatid 
aberrations, but there is no statistically significant 
departure from 2-5. The lower value of 2-1 is per- 
haps due to the fact that non-staining gaps are a 
heterogeneous mixture and are difficult to score 
objectively, especially at the highest doses used. 

On the classical model that aberrations are pro- 
duced by breakage and reunion of chromatids, per- 
haps the simplest interpretation of the constant dose 
ratio for the various aberration types, with and with- 
out oxygen, is that breakage rather than rejoining 
is affected. Cytological evidence in favour of this 
interpretation is obtained through comparing the 
frequencies of isochromatid and interchange aberra- 
tions which are incomplete, that is, those aberrations 
in which two ends remain unjoined®. The proportion 
of incompleteness found for isochromatid breaks and 
interchanges respectively was, in air, 30 + 0-4 per 
cent and 34 + 2-6 per cent, and in nitrogen, 35-5 + 
5-7 per cent and 35 + 5-3 per cent. Thus there was 
no significant difference in incompleteness in air or 
nitrogen, a result also found by Conger* in X-irra- 
diated Tradescantia microspores. 

While the results support the view that oxygen 
increases the initial or primary effect of radiation 
on the chromosomes, certain details indicate that the 
primary event may not be the actual breakage of 


DOSE-RESPONSE EXPONENTS AND OXYGEN FAcTOR FOR 
VARIOUS ABERRATION TYPES 


Table 1. 


Aberration 


(nitrogen : air) 


| 
he Dose Dose factor 


Chromatid 
breaks 
Isochromatid 
breaks 
Chromatid 
interchanges 
Gaps 


2-51 (1-98-3-17)* 
2-49 (1-98-3-15) 
2-58 (1:91-3:50) 
2-13 (1-41-2°85) 


HEHE HEH HEHE HE HE 


* Fiducial limits at the 5 per cent level 
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chromatids. The low frequency of true chromatid 

breaks and the absence of isochromatid aberrations 

showing no reunion (Nupd types’) are more in 

accord with the exchange mechanism for aberration 

production, as proposed by Revell’. 

Further details and discussion of this work will 

be published elsewhere. 
G. J. NEary 
H. J. Evans 

Medical Research Council 
Radiobiological Research Unit, 
Atomic Energy Research Establishment, 
Harwell, Berks. 
July 28. 


1Thoday, J. M., and Read, J., Nature, 160, 608 (1947). 

Giles, N. H., J. Cell Comp. Physiol., 45, Supp., 271 (1955). 

3Swanson, C. P., J. Cell. Comp. Physiol., 45, Supp., 285 (1955). 

‘Evans, H. J., Neary, G. J., and Tonkinson, 8. M., Nature, 181, 1083 
(1958). Neary, G. J., Evans, H. J., and Tonkinson, 8. M., J. 
Genetics (in the press). 

‘Catcheside, D. G., Lea, D. E., and Thoday, J. M., J. Genetics, 47 
113 (1946). 

*Conger, A. D., J. Cell. Comp. Physiol., 45, Supp., 309 (1955). 

7 Revell, S. H., Ann. N.Y. Acad. Sci., 68, 802 (1958). 


Nitrogen Fixation by Gram-Negative 
Bacteria 


AuTHouGH claims for nitrogen fixation by Gram- 
negative bacteria other than the Azotobacter have been 
made in the past!, confirmation of such claims is 
comparatively recent®-*. Nitrogen fixation by par- 
ticular strains of Pseudomonas has been reported by 
Anderson? and by Voets and Debacker*. Recently, 
Jensen’ isolated from a Danish water-course a 
nitrogen-fixing organism that appears to be a species 
of Achromobacter. In most of these studies, the in- 
vestigators were attempting to obtain species such 
as Azotobacter that are known to fix nitrogen ; hence 
the techniques employed would select for this char- 
acteristic. Because of the significance of the dis- 
covery of these new agents for both theoretical and 
applied biology we have examined strains of Pseudo- 
monas and Achromobacter that had been isolated 
under non-selective conditions. 

Using the sensitive tracer nitrogen-15 technique 
as well as the more conventional Kjeldahl method, 
we have demonstrated aerobic fixation in six strains 
of Pseudomonas spp. and eight strains of Achromo- 
bacter spp. All the pseudomonads except Ps. azoto- 
gensis* also fixed’ anaerobically, but only Jensen’s 
strain of the Achromobacter fixed in the absence of 
oxygen. The fixation process in both genera appears 
to be controlled by an inducible enzyme system. 

The basal medium used throughout contained 
sucrose 2-0 per cent, disodium hydrogen phosphate 
1:25 per cent, potassium dihydrogen phosphate 
0-15 per cent, calcium chloride dihydrate 0-01 per 
cent, magnesium sulphate heptahydrate 0-01 per 
cent, ferric iron 0-0001 per cent and molybdenum 
molybdate) 0-00001 per cent. Ammonium 
nitrogen was added as required. Total carbohydrates 
were determined by the method of Morris’, aeration 
values by the method of Cooper et al.*. 

Aerobie fixation and growth were studied in 
100 ml. cultures in 500 ml. flasks, at 30° C., shaking 
at 350 r.p.m. on a Brunswick shaker with }-in. rotor ; 
these conditions resulted in an aeration value of 
0315 mmoles of oxygen per litre per min. Initial 
and final aliquots were analysed for nitrogen and total 
carbohydrates. For the pseudomonads fixation varied 
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from 3-0 to 50-0 ugm./ml. in 4 days, and the effi- 
ciencies of fixation from 1-1 to 4-3 ugm. of nitrogen 
per mgm. of carbohydrate used. Three phases of 
growth were evident: (a) an initial growth; (b) a 
lag phase; (c) a second growth phase. The extent 
of the initial growth depends on the quantity of 
ammonium nitrogen added to the medium ; the lag 
phase probably reflects the synthesis of the enzyme 
system responsible for fixation ; and the third phase 
is growth on molecular nitrogen. Analysis of the 
total increase of nitrogen in 25 ml. shake cultures 
indicated fixation of from 0-20 to 0-55 mgm. in 14 
days. Incorporation of heavy nitrogen was demon- 
strated using concentrated suspensions of organisms 
harvested in the second growth phase. Exposure to 
an atmosphere of 10 per cent nitrogen containing 
approximately 36 atoms per cent excess nitrogen-15, 
20 per cent oxygen and 70 per cent helium was 
made for 4 hr. at 30°C. in a well-shaken Warburg 
vessel; analyses showed a final incorporation of 
greater than 0-1 atoms per cent excess, for all 
cultures. 

Achromobacter spp. showed the same type of growth 
characteristics ; fixation was in the range 3-0—17-0 
ugm./ml. in four days. The efficiency was of the order 
of 1-25 ugm./mgm. of carbohydrate used ; nitrogen-15 
incorporation ranged from 0-02 to 0-16 atoms per 
cent excess. 

Anaerobically, fixation by the pseudomonads was 
of the order of 40 ugm./ml. ; incorporation of heavy 
nitrogen was approximately 0-15 atoms per cent 
excess. The sole strain of Achromobacter that fixed 
anaerobically assimilated 39 ugm. nitrogen/ml., and 
contained 0-10 atoms per cent excess nitrogen-15. 

In common with the nitrogen-fixing systems of 
other organisms, those in Pseudomonas and Achromo- 
bacter required a greater quantity of iron for the 
fixation of nitrogen than for growth upon ammonium- 
nitrogen. When fixing nitrogen, the strains examined 
possessed a hydrogenase demonstrable by the hydro- 
gen—deuterium exchange reaction but not detectable 
by the evolution of hydrogen from reduced methyl 
viologen, or by the uptake of hydrogen on methylene 
blue. 

This demonstration of nitrogen fixation by an 
apparently inducible enzyme system in a ‘random’ 
selection of strains of Pseudomonas and Achromobacter 
confirms and extends the investigations from the 
other laboratories. In the pseudomonads it provides 
yet another example of the adaptive versatility of 
the genus. Because of the widespread occurrence 
of both genera in soil and surface waters, their 
importance in nitrogen fixation may be considerable. 

This research was supported in part by grant 
E-1417 (C4) from the National Institutes of Health. 


MicuarEt H. Proctror 
P. W. WiLson 


Department of Bacteriology, 
University of Wisconsin. 
July 21. 


1 Bhat, J. V., and Palacios, G., J. Univ. of Bombay, 17, 31 (1948). 

2 Anderson, G. R., J. Bact., 70, 129 (1955). 

* Voets, J. B., and Debacker, J., Naturwiss., 48, 40 (1955). 

‘ Hamilton, P. B.,and Wilson, P. W., Ann. Acad. Sci. Fennicae, Ser. A, 
II, 60, 139 (1955). 

5 Jensen, V., Arch. Mikrobiol., 29, 348 (1958). 

* Burris, R. H., and Wilson, P. W., “Methods in Enzymology”, 4 
(Academic Press, Inc., New York, 1957). 

7 Morris, D. L., Science, 107, 254 (1948). 

® Cooper, C. M., Fernstrom, G. A., and Miller, 8. A., Ind. Eng. Chem., 
36, 504 (1944). 
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Hydrogen Peroxide and Cancer 


AFTER consultation with Holman, his experiment’ 
was repeated as closely as possible in all details, 
except the strain of rat used, which was an inbred 
strain of Wistar origin. Experimental animals and 
controls carried tumours of the 9th, 10th, 11th and 
15th successive transplants into this strain of a 
Walker carcinoma obtained from the Chester Beatty 
Research Institute. On the sixth day after inocula- 
tion, the drinking water of experimental animals was 
replaced by 0-45 per cent hydrogen peroxide in tap 
water. Tumours in experimental animals then 
ranged from 3-5 to 5-4 cm. longest diameter (mean 
4-46 cm.), and in controls from 3-0 to 5-6 cm. (mean 
4-48 cm.). 

Of 20 experimental animals, 6 died of tumour 
in 18-36 days after inoculation, in 13 the tumour 
regressed completely in 17-60 days, and in 1, killed 
after 66 days, a residual tumour 1-1 cm. long was 
found. Of 20 controls, 3 died of tumour in 13-26 
days, and in 17 the tumour regressed completely in 
14-87 days after introduction. 

Blood catalase and hemoglobin values decreased 
as the tumours grew in size and rose again as they 
regressed, Blood catalase was approximately pro- 
portional to hemoglobin, as found by Miller? for 
human erythrocyte catalase. The catalase/hemo- 
globin ratio, however, tended to be higher for treated 
rats, with a wider scatter of values than in controls. 
The difference was not apparent until about a fort- 
night after the commencement of treatment ; mean 
catalase/hzmoglobin ratios (ml. oxygen liberated per 
min./gm. hemoglobin) for rats drinking peroxide for 
18 days and more are 1,880 + 244, and for untreated 
animals over the same period 1,719 + 46; the mean 
difference is 161 + 74, which has a probability of 
less than | in 20 of arising by chance. 

Maximum growth of tumours which afterwards re- 
gressed was found at 7-24 days after inoculation, and 
in 20 of the total 31 regressions at 10-12 days. This 
appears consistent with an immunological mechan- 
ism of regression. Maximum tumour growth was 
slightly, but not significantly, less for treated animals 
than controls, and the mean weight of tumour- 
bearing rats at the time of maximum tumour growth 
differs significantly, being 193 + 21 gm. for treated 
rats and 210 + 29 gm. for controls—a mean difference 
of 17 + 5 gm., with a probability of less than 1 in 100 
of arising by chance. These findings are in accord 
with those of Ghadially and Wiseman*, who also 
noted a smaller food intake by rats drinking peroxide. 
Chorazy et al.‘ report decreased liquid intake, which 
was found also in this experiment. Mean values of 
120 observations on each group were 16 + 4-2 ml. 
per day for treated rats and 24 + 4-0 ml. per day 
for controls—a mean difference of 8 + 0-3 ml., which 
is highly significant. 

Drinking hydrogen peroxide thus appears to have 
two effects on the tumour-bearing rat. It slows 
down growth by reducing food and liquid intake, 
and it tends to raise the catalase/hemoglobin ratio 
in the blood. No effect on survival was found in 
this experiment. 

This work, which was designed as a pilot experi- 
ment, was aided by a grant from the University of 
Beistol Cancer Research Fund. I wish to thank 
Prof. A. Haddow for the gift of rats bearing the 
Walker carcinoma, Prof. J. 8. Mitchell and Mr. E. A. 
King for advice and instruction in techniques, Miss 
E. H. L. Duncan for help with statistical estimations, 
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Dr. C. H. G. Price for his continued interest and 
advice and Dr. R. A. Holman for discussions of his 
experiments. 
Grace M. JEFFREE 
University of Bristol 
Pathology Research Laboratory, 
18 Guinea Street, 
Bristol 1. 
Aug. 22. 


1 Holman, R. A., Nature, 179, 1033 (1957). 

2 Miller, H., Biochem. J., 68, 275 (1958). 

’ Ghadially, F. N., and Wiseman, G., Nature, 181, 1067 (1958). 

* Chorazy, M., Gettlich, A., Géral, L., Kotoczek, B., Molawka, E., 
Penar, B., and Szweda, Z., Nature, 182, 395 (1958). 


A White-eyed Mutant Form of the 
American Cockroach, Periplaneta 
americana (L.) 


WHITE-EYED mutants are well known in insects, 
but the majority of reported cases are confined to 
the order Diptera. Tate’, in a paper on a white-eyed 
mutation in Calliphora erythrocephala, gives references 
to five other dipterans in which it has been known 
to occur, and more recently Paterson? has added 
another. Comparable mutations in other orders of 
insects seem to be less frequent, although the related 
phenomenon of albinism is known in the desert 
locust*. It may be of interest, in view of this, to 
report the occurrence of a white-eyed mutant form 
of the American cockroach, Periplaneta americana (L.). 

This was originally found among a population of 

these cockroaches in a deep coalmine in Glamorgan 
and has been kept in pure culture in this Department 
for more than eleven years. The mutant character 
behaves as a Mendelian recessive, and observations 
on the laboratory stock indicate that it is not sex- 
linked ; this point, however, needs further investiga- 
tion. 
During the past eleven years rough sampling of 
the cockroaches in the pit has been carried out from 
time to time, and the white-eyed mutants have been 
found to comprise about 5 per cent of the population. 
There has been no noticeable tendency towards any 
change in this proportion throughout the period. It 
is perhaps surprising that a mutant form should 
maintain itself at a substantially constant level for 
such a time, but presumably under mine conditions 
an unpigmented eye is a neutral character with no 
selective significance. The conditions of the popula- 
tion when the mutant form was spreading to its 
present numerical level are, of course, quite unknown. 
Cockroaches are said to have been present in the pit 
for a long time, but it is not known when white-eyed 
forms first appeared, and there is no reliable informa- 
tion about numerical fluctuations of the population 
as a whole. 

In the course of a survey of the fauna of a number 
of South Wales coalmines, Periplaneta americana was 
found quite commonly, but only in the one pit were 
white-eyed mutants seen. 
G. T. JEFFERSON 

Department of Zoology, 

University College, 
Cathays Park, 
Cardiff. 

July 25. 

* Tate, P., J. Genet., 48, 176 (1947). 


* Paterson, H. E., Nature, 181, 932 (1958). 
* Hunter-Jones, P., Nature, 180, 236 (1957). 
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FORTHCOMING EVENTS 


Tuesday, September 30 


SoclETY OF INSTRUMENT TECHNOLOGY (at Manson House, Portland 
Place, London, W.1), at 6 p.m.—Prof. J. C. West: “Frequency 
Response Analysis Using Describing Function Method”. 


Wednesday, October | 


INSTITUTE OF PETROLEUM (at 61 New Cavendish Street, London, 
W.1), at 5 p.m.—Mr. D. L. Pratt, Mr. G. M. Christie, Mr. E. F. Coxon 
and Mr. J. R. Lodwick : ‘‘Fuels and Lubricants for the Trans-antarctic 
Expeditior” 

SocIETY FOR ANALYTICAL CHEMISTRY (at the Royal Institution, 
21 Albemarle Street, London, W.1), at 6.30 p.m.—Mr. T. T. Gorsuch : 
“Application of Radio-Chemical Methods to the Recovery of Trace 
Elements”. 

SoclETY OF CHEMICAL INDUSTRY, CORROSION GROUP (at 14 Belgrave 
Square, London, S.W.1), at 6.30 p.m.—Mr. M. Smialowski (University 
of Warsaw): “Corrosion Embrittlement ; the Effect of Cathodically 
Evolved Hydrogen on Iron and Nickel’. 


RoyaL INSTITUTE OF CHEMISTRY, LONDON SECTION (at Eltham 
College, Grove Park Road, London, 8.E.9), at 7.30 p.m.—Mrs. J. 
Holden, Dr. C. W. Herd, Dr. J. E. Salmon, Mr. P. A. Raine and Mr. 
W. H. Bennett: ‘Careers in Chemistry”’’. 


Thursday, October 2 


HORTICULTURAL EDUCATION ASSOCIATION and the ASSOCIATION OF 
APPLIED BIOLOGISTS (in the Lecture Hall of the British Museum 
(Natural History), Cromwell Road, South Kensington, London, 
8.W.7), at 11 a.m.—Joint Symposium on “The Relationships of Root 
to Shoot Growth in Plants”. 


LINNEAN Society oF LONDON (at Burlington House, Piccadilly, 
London, W.1), at 5 p.m.—Mr. F. N. Hepper: ‘Botanical Expedition 
to Adamawa, British Cameroons” ; Dr. H. B. D. Kettlewell: “Darwin 
and the Insects of Brazil’ (a sound and colour film). 


SocreTy OF CHEMICAL INDUSTRY, MICROBIOLOGY GROUP (at 14 
Belgrave Square, London, S.W.1), at 6.15 p.m.—Meeting on “‘Physical 
Methods in Microbiology”. 

POLAROGRAPHIC Society (at “The Duke of York”, 8 Dering Street, 
London, W.1), at 7 p.m.—Informal Discussion Meeting on ‘‘Polaro- 
rie Problems in the Nylon Industry” introduced by Mr. R. D. 
eton. 


Friday, October 3 


SocieTY OF CHEMICAL INDUSTRY, FINE CHEMICALS GROUP (at 
14 Belgrave Square, London, 8.W.1), at 6.30 p.m.—Dr. B. A. Hems: 
“Cortisone from Hecogenin”’. 


Saturday, October 4 


ASSOCIATION OF CLINICAL BIOCHEMISTS and the ASSOCIATION OF 
CLINICAL PATHOLOGISTS (at the Royal College of Surgeons, Lincoln’s 
Inn Fields, London, W.C.2) at 9.30 a.m. and 2 p.m.—Scientific Meeting, 
including a Symposium on “‘Quantitative Paper Chromatography”. 


NuTRITION SocreTy (at the London Hospital Medical College, 
London, E.1), at 10.20 a.m.—Symposium on “Nutrition 
and Teeth”. 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned : 

STATISTICAL ENGINEER (mathematician or statistician with a 
university degree in mathematics or statistics, and preferably a 
knowledge of meteorology) IN THE SYSTEM OPERATION BRANCH, 
Central Electricity Generating Board Headquarters, London, 8.E.1, 
for duties which include investigations requiring the application of 
advanced statistical and probability methods to engineering problems 
associated with the operation of a large interconnected electricity 
supply system, with particular reference to short-term load estimation 
and to the study of the effect of weather on system load—Personnel 
Officer, Central Electricity Generating Board, 24/30 Holborn, London, 
mabe envelope “Confidential” and quoting Ref. No. N/268 

ictober 

LECTURER IN EDUCATION—The Principal, Borough Road College, 
Isleworth, Middlesex (October 6). 

SENIOR LECTURER or LECTURER (with a good honours degree and 
teaching experience) IN GEOGRAPHY at Fourah Bay College Ciaiverstty 
of Durham), Sierra Leone—The Secretary, Council for Overseas Col- 
leges, 12 Lincoln’s Inn Fields, London, W.C.2 (October 6). 

RESEARCH STUDENT (with a good honours degree in zoology) IN 
THE DEPARTMENT OF ZOOLOGY, for work in river ecology—The Secre- 
tary, The University, Exeter (October 10). 

ASSISTANT LECTURER (with special qualifications or interests in 
radio astronomy) IN PHysios—The strar, The University, Man- 
chester 13 (October 11). 

LECTURER or DEMONSTRATOR (with a medical or dental qualification 
or an honours degree in physiology or biochemistry) IN PHYSIOLOgyY— 
The Registrar, King’s Bollege (University of Durham), Newcastle- 
upon-Tyne (October 11). 

RESEARCH ASSISTANT (graduate) IN THE DEPARTMENT OF AGRICUL- 
TURE to carry out investigations into the efficiency of farm buildings 
by the application of work study methods—The Secretary and oe 
he University College of North Wales, Bangor, North Wales (Octo 


LEcTURER (preferably with interests and experience in protein 
and/or enzyme biochemistry) IN THE DEPARTMENT OF APPLIED 
BIOCHEMISTRY—The Deputy Registrar, The University, Birmingham 
15 (October 15). 

RESEARCH PHYSICIST (preferably with experience in the use of 
ultra-high vacuum systems or in the. chemical physics of surfaces) 
IN THE DEPARTMENT OF Puysics, for work which will involve electrical 
measurements applied to the study of surface contamination processes 
on semi-conductors—The Professor of Physics, University of Reading, 
Physics Research Laboratories, Upper Redlands Road, Reading, 
Berks (October 24). 

SENIOR LECTURER IN THE DEPARTMENT OF MATHEMATICS, University 
of the Witwatersrand, Johannesburg, South Africa—The Secretary, 
Association of Universities of the British Commonwealth, 36 Gordon 
Square, London, W.C.1 (South Africa, October 25). 

CHAIR OF MEDICINE tenable at St. George’s Hospital Medical School 
—The Academic Registrar, University of London, Senate House, 
London, W.C.1 (October 28). 

SCIENTIFIC OFFICER (with a good honours degree and preferably 
two or three years postgraduate experience) IN THE ENTOMOLOGY 
DEPARTMENT to work on some problems concerning the biology of 
forest soils—The Secretary, Rothamsted Experimental Station, 
Harpenden, Herts, qdoting Ref. 1051/12 (October 30). 

NATIONAL COAL BOARD POSTDOCTORAL FELLOW IN PHYSICAL 
CHEMISTRY to undertake research work connected with the study of 
solids by a number of techniques such as mass spectroscopy—The 
Registrar, The University, Birmingham 15 (October 31). 

PRINCIPAL (with high academic qualifications and appropriate 
educational and administrative experience) of the Northern Poly- 
technic—The Clerk, Northern Polytechnic, Holloway, London, N.7 
(October 31). 

Reaius CHAIR OF BOTANY in the University of Aberdeen—The 
Private Secretary, Secretary of State for Scotland, St. Andrew’s House, 
Edinburgh 1 (November 10). 

RESEARCH FELLOW or SENIOR RESEARCH FELLOW in the Colonial 
Products Council Natural Products Research Unit, Chemistry Depart- 
ment, University College of the West Indies—The Secretary, Inter- 
University Council for Higher Education Overseas, 29 Woburn Square, 
London, W.C.1 (November 10). 

ASSISTANT (preferably with a science degree and a knowledge of 
me genic for Information Service for duties which include assisting 
with public relations activities, sub-editing, and internal information 
work—The Secretary, National Institute for Research in Dairying 
(University of Reading), Shinfield, Reading, Berks, i Ref. 58/25. 

CHAIR OF METALLURGY—The Secretary, The yal College of 
Science and Technology, Glasgow. 

ENTOMOLOGIST (with a good honours degree in natural science and 
some research experience in entomology) IN THE AGRICULTURAL 
DEPARTMENT, Trinidad, to carry out research on biology and control 
of insect pests of coconuts and to co-operate in assessing their impor- 
tance as vectors of red ring disease—The Director of Recruitment, 
Colonial Office, London, 8.W.1, quoting Ref. BCD.63/38/01 

LABORATORY TECHNICIANS to work in the Physics Research Labora- 
tories—The Bursar, The University, Reading. 

POSTGRADUATE STUDENT (preferably with experience in systematic 
bacteriology, serology, or nutritional studies of bacteria) FOR RESEARCH 
IN THE BACTERIOLOGY DEPARTMENT—The Secretary, Queen Elizabeth 
College (University of London), Campden Hill Road, ondon, W.8. 

RESEARCH PHYSICIST or ENGINEER (preferably with a knowledge 
and aptitude for hydrodynamics) to undertake model research on 
fluid flow—The Meteorology Department, Imperial College of Science 
and Technology, London, 8.W.7. 

SENIOR LECTURER IN APPLIED PHYSICS; a LECTURER IN PHYSICS ; 
and an ASSISTANT (Grade B) FOR MATHEMATICS—The Clerk to the 
de Mid-Essex Technical College, Market Road, Chelmsford, 

ssex. 

SENIOR PLANT BREEDER (with a good honours degree in botany 
and postgraduate experience in the technique of plant improvement) 
at the West African Cocoa Research Institute, to carry out research 
on plant breeding problems relating to cocoa and to plan and take 
charge of the work of the Plant Breeding Section of the Institute, 
serving initially at Tafo, Ghana—The Director of Recruitment, 
Colonial Office, London, $.W.1, quoting BCD.197/200/024. 

SENIOR SCIENTIFIC and SCIENTIFIC OFFICERS (with a first- or 
second-class honours degree in physics, mathematics or engineering 
or equivalent) at the Government Communications Headquarters, 
Cheltenham, for telecommunications and electronic research in the 
following fields: V.H.F. receiver design and microwave techniques ; 
propagation trials; applications of semi-conducting devices; high 
speed electronic switching; data storage and handling; computer 
peeonns. and operational research—The Ministry of Labour and 

ational Service, Technical and Scientific Register (K), 26 King 
Street, London, 8.W.1, quoting A147/8A. 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


Monsanto Mail, No. 1. Pp. 24. (London: Monsanto Chemicals, 
Ltd., 1958.) 

Ministry of Labour and National Service. Safety, Health and Welfare 
Booklets, New Series. No.1: Lifting and Carrying. Pp. 12. 1s. net. 
No. 3: Safety Devices for Hand and Foot Operated Presses. Pp. 32. 
2s. 6d. net. (London: H.M. Stationery Office, 1958.) wo 

Forestry Commission. Forest Record No. 36: Provisional Yield 
Tables for Oak and Beech in Great Britain. By W. T. Waters and J. M. 
— Pp. 32. (London: H.M. Stationery Office, 1958.) ay 3 
n 


et. 

Department of Scientific and Industrial Research. Radio Research 
1957: The Report of the Radio Research Board and the rt of the 
Director of Radio Research. Pp. iv+43+4 plates. (London: H.M. 
Stationery Office, 1958.) 3s. 6d, net. [257 
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In commemoration of Professor Frederick Soddy, M.A., LI.D., 
F.R.S., Nobel Laureate, formerly President of the New ‘Europe Group, 
who died 22nd September, 1956. Pp. = (London: New Europe 
Group, 96 Charlotte Street, W.1, 1958.) 257 

Education in 1957 : Being the Report of ‘the Ministry of Education 
and the Statistics of Public Education for England and Wales. Pp. 
v+198. (Cmnd. 454.) (London: H.M. Stationery Office, = 5) 


[257 
The Annual Report of the East Africa High Commission for 1957. 
“= x+85. (London: H.M. Stationery Office, 1958.) 7s. 6d. net. 
The A.B.C. of Atomic Energy. By Sir Chiistopher Hinton, F. 

Edited by John Dixon and J. P. Farthing. Pp. 40. (London: British 
Broadcasting C>rporation, 1958.) 1s. 3d. 2 

Redundancy: 4 Survey of Problems and ara Pp. vi+56. 
(London: The Acton Society Trust, 1958.) 5s 

Bulletin of the British Museum (Natural History). Entomology. 
Vol. 7, No. 1: The Mealy-Bugs (Pseudococcidae: Homoptera) 
described by W. J. —- F. Laing and A. H. Strickland from the 
Ethiopian Region. By D. J. Williams. Pp. 1-37. (London: — 
Museum (Natural Hitory), 1958.) 10s. [25 

Ministry of Agriculture, Fisheries and Food; Department of 
Agriculture for Scotland ; Ministry of Agriculture, "Northern Ireland. 
Output and Utilization ‘of Farm Produce in the United Kingdom, 
1946-47 to 1955-56. Pp. v+51 (26 tables). (London: H.M. Stationery 
Office, 1958.) 48. 6d. net. (257 

Agreement between the Government of the United Kingdom of 
Great Britain and Northern Ireland and the Government of the 
United States of America for Co-operation on the Uses of Atomic 
Energy for Mutual Defence Purposes, Washington, July 3, 1958. 
8. (Cmnd. 470.) (London: Stationery Office, 

t 


. net. 
Atom 1958. mp Se (London: H.M. Stationery Office, 1958. 
Published for the nited Kingdom Atomic Energy Authority.) {307 
United Kingdom Atomic Energy Authority. Fourth Annual Report 
for the period Ist April, 1957-31st March, 1958. Pp. vi+68. (London : 
H.M. Stationery Office, 1958.) 4s. 6d. net. {307 
Department of Scientific and Industrial Research. Road Research, 
1957: The Report of the Road Research Board with the Report of the 
Director of Road Research. Pp. Sg ig plates. (London: po 
Stationery Office, 1958.) 58. 6d. n 307 
Yours Faithfully. Pp. 12. ie ail B. and K. Laboratories, a4 

9 


1958.) 

Alfa-Laval—De Laval: The Idea That Grew Into a World Industry. 
(75th Anniversary Souvenir Brochure.) Pp. 35. (Brentford, Mddx. : 
Alfa-Laval Company, Ltd., 1958.) {307 


Other Countries 


United States Department of Commerce: National Bureau of 
Standards. Circular 594: and Application 
of Standards of Radioactivity. By W Mann and H. H. Seliger. 
Pp. iv+47. (Washington, D.C, : Dascleaeal Printing Office, = 


35 cents. 

United States Department of Commerce: Weather Bureau. 
Technical Paper No. 29: Rainfall Intensity-Frequency Regime. 
Part 2: Southeastern United States. Pp. v+51. (Washington, Tica 
Government Printing Office, 1958.) (22 

Smithsonian Miscellaneous Collections. Vol. 135, No. miscel- 
laneous Notes on Fossil Bi By Alexander Wetmore. Pp. ‘i411 +5 
plates. (Publication 4335.) (Washington, D.C.: Smithsonian Insti- 
tution, 1958.) (227 

Cc arnegie Institution of Washington. Annual Report of the Director 
of the Department of Terrestrial Magnetism, 1956-1957. +83- 
147+5 plates. (Reprinted from Carnegie Institution of labia 
Year Book, 56, for the year July 1, 1956-June 30, 1957.) (Washington, 
D.C. : Carnegie Institution of Washington, 1957.) (227 

Canada : Department of Mines and Technical Surveys. Geological 
Survey of Canada. Memoir 284: Yukon Territory: Selected Field 
Reports of the Geological Survey of Canada, 1898-1933. Compiled and 
Annotated by H. 8. Bostock. Pp. xiii +650. (Ottawa: Queen's 
Printer, 1957.) 3 dollars. [227 

—' Book to Research Data for Arid Zone Development. Edited 
- Ae . Dickson. (Arid Zone Research Series, Vol. 9.) Pp. 191+17 

a ‘(Paris : Unesco; London: H.M. Stationery Office, 1957.) 
i, 250 French francs ; 258. : 5 dollars. — 

Proceedings of the United States National Museum. Vol. 108, 
No. 3393 : ype Specimens of Lice (Order Anoplura) in the United 
States National Museum. By Phyllis T. Johnson. Pp. he Vol. 108, 
No, 3394: A New North American Bird-Flea. By F. A. M. Smit. 

51-58. Vol. 108, No. 3396: A Redefinition of pe Butterfly 
Genera Tatochila Phudia, Piercolias, and Baltia, with descriptions of 
Related Genera al Subgenera. By William D. Field Pp. 103-132. 
Vol. 108, No. 3397: The Systematic Position of the Bird Genus 
Apalopteron. By H. G. Deignan. Pp. 133-136. (Washington, D. ce 
Government Printing Office, 1958.) [22 

Economic Development in the Middle 
to World Economic Survey, 1957. Pp. xi+ (New York: United 
Nations; London: H.M. Stationery Dies” "1958. ) 1.75 dollars ; 
128. 6d. : 7.50 Swiss francs. wd 

National Science Foundation, Washington, D.C. A Selected Bibliog- 
raphy of Research and Development and Its Im ct on the Economy. 
Pp. v+2l. (NSF-58-18.) (Washington, D. Office of Special 
Studies, National Science Foundation, 1958.) mt 

Annals. of the New York Academy of Sciences. Vol. 70, Article 4 
Nuclear Magnetic Resonance. By H. 8S. Gutowsky and 17 other authors. 
7 765-929. (New York: New York Academy of Scheer 

227 

Electric Technology, U.S.S.R., Vol. 1, May 1958: Selected papers 
from Elektrichestvo, Nos. 1-4, 1957. Four volumes per annum. pperex- 
mately 700 pages perannum. Annual subscription rate £20 (56 dollars) 
} mew volumes £6. (17 dollars). (London and New York: Pergamon 

Press, 1958.) 227 
United States Department of the ee: Geological wa 

Bulletin 1019-L: Selected ——, _ y of As 

Resources in the United States and Canada. By Butler ‘Mure 4 


Conant and Helen F. Weissenborn. Pp. +817-805. 35 cents. 
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Bulletin 1046-G : Uranium in Carbonaceous Rocks in the Townsend 
and Helena Valleys, Montana. By George E. Becraft.. Pp. iii+149- 
164+plate 3. Bulletin 1070-A: A Rocomnaieeines of the Idaho 
Batholith and Comparison with the Southern California Batholith, 
b Esper 8. Larsen, Jr., and Robert George Schmidt. >. iv+33+ 
late 1. 50 cents. Water-Supply Paper 1227-C : Floods of 1950-51 in 
the ee Region, New York. Prepared under the direction 
of J. B. Wells. Pp. vii+201-277+plate 3. Water-Supply Paper 
1291: Vquaute of Surface Waters of the United States, 1953, Parts 
5-6. Prepared under the direction of 8. K. Love. . ix +473, 1.25 
dollars. Water-Supply Paper 1379: Ground-Water Resources of the . 
San Louis Valley, Colorado. By William J. Powell. With a section on 
An Inflow-Outflow Study of the Area by Philip B. Mutz. Pp. vii+284+ 
plates 1-16. Professional Paper 287 : Geology and Magnetite Deposits 
of Dover District, Morris County, New Jersey. By Paul Sims, 
With a description of the Geologic Section at Hibernia sine A ALF. 
Buddington. Pp. vii+162+22 plates. (Washington, D.C.: Govern- 
ment Printing Office, 1958.) (227 
Chicago Natural History Museum. Fieldiana: Zoology. Vol. 36, 
No. 4: Catalogue of Type Specimens of Reptiles and Amphibians in 
Chicago Natural History Museum. By Hymen Marx. Pp. ii+409-496. 
(Chicago: Chicago Natural History Museum, 1958) 1.25 dollars. [227 
The Story of Transportation as Told by Historie Sepals and Scale 
Models in the Smithsonian Institution. By E. John Long. Pp. 36+ 
25 color stamps. (Smithsonian ashington 
D.C.: Smithsonian Institution, 27 
Institut Royal Meteorologique de Belgique Publications, Serie A, 
No. 5: Nouveau Levé ay agg de la Belgique. Premiére partie : 
Lignes des Isodifférences de H et Z au ler Janvier 1955. — des 
Isodifférences de D au ler cosine 1957. Par E. Lahaye Koenigs- 
feld, A. De Vuyst et E. Hoge. Pp. 95 (22 planches). buble 
Serie B, No. 23: Connexions Thermiques entre Saisons Consécutives 
a Bruxelles-Uccle. Par R. Sneyers. Pp. 23. Publications, Serie B,/ 
No. 24: Le Temps en 1957. Par R. Sneyers. Pp. 48. Contributions, 
No. 39: Nitrogen Oxides and the ‘Airgiow. By Dr. Marcel Nicolet. 
Pp. 17. Contributions, No. 40: l’Ann fe Géophysi ue Internationale 
1957-1958—Participation de la Belgique. Par Dr. . Lahaye. Pp. 11. 
Institut Royal Meteorologique de 1957 
e 
United States Department of Agriculture. Index- 
Medical and Veterinary Zoology. Supplement 8: Authors A to Z. 
By Mildred A. Doss, Judith M. Humphrey and Dorothy B. Segal. 
(Washington, D.C.: Government Printing Office, 
Proceedings of the American Academy of Arts and Sciences. Vol. 85, 
No. 4: Records of the Academy, 1957-1958. 247-362. (Boston, 
.: American Academy of Arts and Sciences, 1958.) [257 
Climatology and Microclimatology : Proceedings of the Canberra 
Symposium. (Arid Zone Research, No. 11.) 44 355. (Paris: Unesco; 
py yt H.M. Stationery Office, 1958. ) 2,850 French franes ; 47s. 6d. ; 
ollars. 

Health Physics: Official Journal of the Health Physics Soclaty. 
Vol. 1, No. 1 (June, 1958). Pp. 95. Subscription rate: 17 dollars; 
—— Per annum. (New York and London: Pergamon Press, 

257 

Bulletin of the Academy of Sciences of the U.S.S.R.—Geo nail 
Series, No. 1,1957. English edition. Issued monthly. Pp. 148. Annual 
subscription : 25 dollars; 190s. (New York and London: Pergamon 
Press, 1957.) (257 
South Australia. The Institute of Medical and Veterinary Science 
Nineteenth Annual Report of the Council, July, 1956—June, 1957, 
ay (Adelaide: Institute of Medical and Veterinary Science 

257 

World Health Organization. Technical Report Series. No. 145 
Expert Committee on Poliomyelitis—Second Report. Pp. 83. (Geneva 
World Health Organization ; London: H.M. Stationery Office, 1958. 
2 Swiss francs; 38. 6d.; 0. ‘60 dollars. 25 

Tokyo Astronomical Observatory. Tokyo Astronomical Bulletin 
Second Series. No. 101 (December 5, 1957): Meridian Observation o 
Right Ascension of Equatorial Stars made with Repsold Transi 
Instrument. Preliminary Results No. 12 (January-June 1956). By 
Konosuke Tuzi. Pp. 1061-1102. No. 4 (January 20, 1958): Photo 
electric Observations of e Aurigae. uruhata and M. Kitamura; 
Pp. 1103-1105. (Tokyo: Tokyo foteonceienl Observatory, 195 
and 1958.) (257 

B.A.N.Z. Antarctic Research Expedition, 1929-1931. | Repor 
Series B (Zoology and Botany). Vol. 6, Part 7: Mollusca of Keema 
and Macquarie Islands. By A. W. B. Powell. Pp. 107-150+2 a 


12s. Vol. 6, Part 8: Medusae. By P. L. Kramp. Pp. 151-164 

Vol. 6, Part 9: Mollusca age the Victoria- Ross Quadrants of Anta 

tica By A. W. B. Powell. Pp. 165-214+3 plates. 15s. (Adelaide 
B.A.N. 2. A.R. Expedition Committee, 1957 and 1958. Issued thro ‘ 
the Barr Smith Library, University of Adelaide.) [25 
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METROVAC 


Important advances in microscopy 
include : 


THE INTERFERENCE MICROSCOPE 


and now Please write for 
details of other 
THE TRILUX CONDENSER models in our 


range. 
for Light Field, Dark Field and , 
Phase Contrast with one condenser 
and quick interchange of illumina- METROPOLITAN -VICKERS 
tion. iat CO LTO TRAFFORD PARK MAN 


C. BAKER of Holborn LTD. An A.E.1. Company 


METRON WORKS - PURLEY WAY * CROYDON“ SURREY OVER THIRTY YEARS EXPERIENCE IN 
THE HIGH VACUUM FIELD 


B.T.L. Sintered Glassware 


B.T.L. Sintered Glassware is resistant to all reagents except 
hydrofluoric acid and strong alkalis. Grades from pore 
sizes 00 to 4 give a complete range from rough filtration of 
coarse precipitates to the “‘bright’’ filtration of the finest 
precipitates such as barium sulphate. Grade 5 filters, 
specially made and conforming to B.S. 1752-1952, are 
being increasingly used for bacteriological work. 

ts A full list of the range will be sent on request. 


BAIRD & TATLOCK (LONDON) LTD., CHADWELL HEATH, ESSEX, ENGLAND, 
Branches in London, Manchester and Glasgow. Agents throughout U.K. and all over the world. 
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ANY PUMP CAN ACHIEVE LOWEST PRESSURES UNDER IDEAL CONDITIONS! 
= but it takes a 


“SPEEDIVAC’ 


High-speed Vapour Diffusion Pump to 
ACHIEVE THEM UNDER ORDINARY WORKING CONDITIONS! 


Patented ‘‘GUARD-RINGS”’. . . FULLY SEALED JET-CAPS and 
VAPOUR QUALITY CONTROL BAFFLES for the suppression 
of back-streaming . . . EJECTOR-TYPE FINAL STAGES 
for high backing pressures, and unique FRACTIONATING 
SYSTEMS are only a few reasons why when science 
and industry require the LOWEST pressures . . . HIGHEST 
pumping speeds and MAXIMUM economy in 
backing lines and pumps ‘‘SPEEDIVAC’’ pumps are the obvious 
choice. 

Models from | in. dia. up to 24 in. dia. available. 


For better vacpym service... 
. 
EDWARDS VACUUM wo 
MANOR ROYAL + CRAWLEY - SUSSEX CRAWLEY 1500 (10 LINES) EDCOHIVAC CRAWLEY p, AGENTS THROUGHOUT THe WORD 


rato FS for fatigue testing 


Guided missiles, aircraft and all forms of industrial components . . . 


TYPE V1001. This vibrator is of the moving coil typejwith a wound field 
magnet energised from an external source of direct current. 
It is continuously rated and therefore suitable for extended 
fatigue testing as well as for intermittent use in 
te Our Technical Dept. is always development and production work. 
available to give assistance on The useful frequency range is up to 5 kc/s. 
any Vibration problems. The design of the vibrator is such that the electrical impe- 
dance of the “speech coil” shows only a slight rise at the 


higher frequencies and this obviates the need for frequent 
SPECIFICATION Max. permitted scceleration ,, output transformer tap changing as the frequency is 
eres.” | W. BRYAN SAVAGE LTD 
SI WUIR cokeccovsnsinierevos 18 in. dia. | D.C. resistance of moving coil 17 Stratton Street, London, W.1 
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its all a question of Bubbles ?.. 


Well perhaps not. entirely, although 
the displacement of a ‘*bubble’’ 
formed by the ‘interface of oil and 
water. is used for measuring 
pressure differences as small as 
0.00065in. (0.0165 mm) of water. 
Essentially the instrument is a 
null reading type U-tube provided 
with special means of observing the 
change in level. It has the useful range 
of 0.6sin. (16.51 mm) water gauge. 


C. F. CASELLA & CO. LTD. 


Regent House, Fitzroy Square, London, W.1. - Tel. EUSton 3944 


Members of the Scientific Instrument ers’ A. Britain 
and the British Scientific Instrument Research Association. 


Ad, 


MATBURN ROLLER TUBE 
TISSUE CULTURE 
APPARATUS 


This apparatus meets the 
stringent criteria required in 
the safety testing of Polio- 
myelitis vaccines and fulfils 
many other functions in virus 
research all over the world. 
Full details on request. 


‘ 
! 
\ 
2 4 Cy. | 
| ELL | 
Sy MATBURN LIMITED 25 RED LION STREET LONDON W.C.I 
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A Portion of the New Sigma Reagent Catalogue 


One of a series of advertisements which will reproduce the complete list 
Complete list available promptly on request 


Other package sizes shown in complete catalogue 


2-HYDROXYPURINE (pfs) 100 mg 10.00 
2-H YDROXY-6-T HIOPURINE (pfs)—See 6-Thioxanthine 
6-H YDROXY-2-THIOPURINE (pfs)—See 2-Thioxanthine 


4HYDROXY-2-THIOPYRIMIDINE (pfs)— 
See 2-Thiouracil 


5-HYDROXYTRYPTAMINE, CREATININE SULPHATE 
Complex (Serotonin) (M.P. 214-215° C) I gram 15.00 


(pfs) 500 mg 9.00 250mg 5.50 
5-HYDROXYTRYPTOPHANE (DL) I gram 40.00 
(pfs). When available 100 mg 6.00 
a-HYDROXYVALERIC ACID (pfs) I gram 11.00 
HYPOXANTHINE (pfs) ig 200 10g 12.00 
1DP—See Inosine Diphosphate 
IMP—See Inosinic Acid 
1-5-P—See Inosinic Acid 


ITP—See Inosine Triphosphate 
INDOLE-3-ACETIC ACID (pfs) 5g 400 25, 17.00 


INDOLE-ACRYLIC ACID (pfs) | gram 4.00 

B-INDOLYL ACETONITRILE (pfs) grams 14.50 

INOSINE 5’ DIPHOSPHATE, Sodium I gram 95.50 
Salt. Sigma. Prepared from ATP ex- 500 mg A 
tracted from muscle or yeast 100 mg 19.25 


wt a 5’ TRIPHOSPHATE, Sodium Sait, Sigma. 
98-100%. From Muscle or Yeast | g 35.25 100 mg” 7.25 


INOSINE 5’ MONOPHOSPHATE—See Inosinic Acid 


5’-INOSINIC ACID, Sigma, Crystalline, | gram 55.25 
Inosine-S-Phosphoric / Acid. Also 500 me 33.50 
Sodium Salt. Both 99-100%, 100 m 9.50 
Derived from muscle or yeast. Crystalline ingeinte Acid or 
Crystalline Sodium Inosinate were prepared in the Sigma 
Laboratories for the first time anywhere. 


o-IODOSOBENZOIC ACID Ig 3.25 Sg 14.75 
ISOBARBITURIC ACID (pfs) | gram 6.00 
(2,4,5-Trihydroxypyrimidine) 5S grams 25.00 
ISOCITRIC ACID LACTONE, DL, 1 gram 7.70 
Allo-free (pfs) Sgrams 31.00 
ISOCITRIC ACID, TRISODIUM (DL + ALLO) (pfs) Inquire 
ISOCITRIC DEHYDROGENASE Inquire 
(pfs) 5grams 3.00 
ypyridimine) 25 grams 13.75 

ISOOUANING SULPHATE 1 gram 3.75 


(6-Amino-2-hydroxypurine sulphate) 5 grams 10.00 
Crude 


From Rabb | gram 10.00 
ISOOROTIC ACID (pfs) Uracil-5-carboxylic acid 
5-Carboxy-2,4-dihydroxy pyrimidine | gram 1.75 


ITACONIC ACID (pfs) (Methylenesuccinic Acid : 
3-Carboxy-3-Butenoic 


Sgrams__—‘1.00 
To Non-Profit Institutions 5 grams Gratis 


JACK BEAN MEAL 1 Pound 3.50 
Defatted, finely ground powder. Maybe [00grams 2.00 
used as a ‘‘Crude Urease”’ 


£-KETO ADIPIC ACID (pfs) 'g 5.00 Sg 23.00 
a-KETO BUTYRIC ACID (pfs) Ig 300 Sg 6.00 
a-KETOCAPROIC ACID or SODIUM (pfs) | gram ‘11.00 


a-KETO-3-CYCLOHEXYLPROPIONIC Inquire 
ACID, Sodium Salt (pfs) 

a-KETO GLUTARATE SOLN, 410-2 
0.1M in 0.1M Phosphate Buffer pH 75. 50 mi 4.00 
Stability guaranteed. 


a-KETO GLUTARIC ACID (pfs) Sg 5.90 25, 18.75 


B-KETO GLUTARIC ) 5 grams 5.00 
Acetone Dicarboxylic Aci 25 grams’ 18.75 

a-KETOISOCAPROIC ACID, I gram 11.00 
Sodium Salt (pfs) 

a-KETOISOVALERIC ACID, Sodium 1 gram 11.00 
Salt (pfs) 

a-KETO-»-METHYLTHIOLBUTYRIC ACID Inquire 
Sodium Salt (pfs) 

a-KETO-8-METHYLVALERIC ACID Inquire 
Sodium Salt (pfs) 


a-KETOVALERIC ACID, Sodium Salt (pfs) | gram 10.00 
KINETEN (pfs) (6-Furfurylamino-purine) 100 mg 5.50 
KOJIC ACID, Crystalline (pfs) 


(2 Hydroxymethy!-5-Hydroxy- rone) 5Sgrams 1.25 


To Non-Profit | ons 5 grams Gratis 
KYNURENIC ACID (pfs) 1g 3.00 Sg 12.00 
DL-KYNURENINE SULPHATE (pfs) | gram 14.00 


LAD (or LD)—See Lactic Dehydrogenase 


LACTIC DEHYDROGENASE, Cryst. I gram 60.00 
Rabbit Muscle 100 mg 10.00 


LACTIC DEHYDROGENASE SOLUTION 
“*Stabilized’’ Solution standardized at 


approx. 8,000 units/ml. Stock 340-10 10 ml 4.75 
Vials—“Single Determination” Inquire 
LACTOBIONIC ACID, Caicium Salt (prac.) (pfs) Inquire 
LANTHIONINE, DL (pfs) 1g 30.00 100mg 5.50 
LIPASE (pfs) 1 gram 7.00 
a-LIPOIC ACID—See Thioctic acid 
LIPOXIDASE (pfs) I gram 25.00 
8,000 units/mg minimum activity. 100 mg 5.00 


LIVER CONCENTRATE ig 20.50 500mg 12.25 


Stock No. 202- 

Partial Assays: Co-A, 1-3% ; TPR, 5-1 
D 20% ; plus Guanosine, Uridine, ytidine, ‘and 
Phosphates, Co-enzymes, etc. 

LIVER EXTRACT POWDER 1 —_ 6.25 
Stock No. 202-1 10g 40.25 
A quick extract of Hog Liver soluble fraction. Probably rich 
in many unidentified Co-Enzymes as well as TPN, DPN, 
Co-A, and B-Complex 


SEND YOUR INQUIRIES TO: 
GEORGE T. GURR, LTD., 136/138 NEW KING’S ROAD, LONDON, S.W.6 


or directly to: 


SIGMA 


CHEMICAL COMPANY 


3500 DEKALB STREET, ST. LOUIS 18, MO., U.S.A. 
MANUFACTURERS OF THE FINEST BIOCHEMICALS AVAILABLE 
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SPECIAL BULLETIN 


We are pleased to announce 
the first complete offering of 


DEOXY ADENOSINE - 5’- MONOPHOSPHATE 
DIPHOSPHATE 
TRIPHOSPHATE 


DEOXY CYTIDINE - 5’ - MONOPHOSPHATE 
DIPHOSPHATE 
TRIPHOSPHATE 


DEOXY GUANOSINE - 5’- MONOPHOSPHATE 
DIPHOSPHATE 
TRIPHOSPHATE 


THYMIDINE - 5’- MONOPHOSPHATE 
DIPHOSPHATE 
TRIPHOSPHATE 


As Sigma was the first in the world to prepare and offer truly high purity 
Ribonucleotides, it is only fitting that we should be the first to prepare and offer 
the Deoxy counterparts. 

Pending refinements in methods, supplies will be limited. Each item will be 
offered as the available Salt. 


Clinical laboratories please note : 


Rare reagents such as the above are vital to fundamental medical 
research. Your support of Sigma is of great help in maintaining our 
programme as the world’s leading producer of truly fine biochemicals. 


SEND YOUR INQUIRIES TO: : 
GEORGE T. GURR, LTD., 136/138 NEW KING’S ROAD, LONDON, S.W.6 
or directly to: 


SIGMA 


CHEMICAL COMPANY 


3500 DEKALB STREET, ST. LOUIS 18, MO., U.S.A. 


MANUFACTURERS OF THE FINEST BIOCHEMICALS AVAILABLE 
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The range includes instruments for : 
ELECTRON MICROSCOPY 
MASS SPECTROMETRY 
CRYSTALLOGRAPHY 


MICRO-ANALYSIS 
CRACK DETECTION 
MATERIALS IRRADIATION. 
HIGH VACUUM ENGINEERING 


lease write for full details 


For gas pressure 
measurement 


from 1.0 mm. Hg. to 10-" mm. Hg. 


In addition to the control units 


and gauge heads illustrated, 
discharge tubes and Pirani gauges 
are also available and new units 
are constantly being developed. 


The Metropolitan-Vickers Range of Scientific Equipments 
includes apparatus for the investigation of metallurgical, chem- 
ical and biological problems in research, production or pro- 
cessing. These equipments cover a wide selection of specialised 
scientific apparatus. 


Let us look into your problem. Experts of our Advisory 


Service can almost certainly help you with problems of scientific 
investigation in any of the fields mentioned. 


POLITAN -VICKERS 


ELECTRICAL MANCHESTER, 17 
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TWO WAYS OBTAINING 
DISTILLED 


THE PERMUTIT COMPANY LIMITED, Dept.V.H.290, Permutit House, Gunnersbury Avenue, London, W.4. Telephone CHiswick 6431 


_ 
The peminralit” plant above produces approx 
imately 300 gallons pourly of gistilled quality water 
without using heat oF steam- 3 
operating by lon exchange Deminroll 
occupy jittle space» are simple operate and ens¥ 
a deminer water of consistent quality 
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CATALIN MOLECULAR MODELS 


give the truest possible representation of the stereochemical picture and provide 
the most convenient means for demonstrating the phenomena. They are accurately 
dimensioned after the Stuart pattern and consist of spheres distinctively coloured 
in accordance with the Institute of Physics. Catalin Molecular Models comprise 


ELEVEN ELEMENTS in their various 
valency states: HYDROGEN ‘ CARBON 
NITROGEN * PHOSPHORUS * OXYGEN 
SILICON SULPHUR FLUORINE 
CHLORINE * BROMIDE * IODINE. Each 
element is designed to give appropriate 
representation to the three basic dimen- 
sions of the atom: 


Please write for full information to: 
Ce TALIN LIMITED, WALTHAM ABBEY, ESSEX. TELEPHONE: WALTHAM CROSS 3344 


Precision-machined from highly durable 

Catalin cast phenolic resin, Catalin Models 

are available in two sets: 

STANDARD SET... 250 UNITS 

STUDENTS’ SET. . . 110 UNITS 

Complete with accessories in partitioned 

and lined leathercloth folding case. - 

Separate units of all elements are also supplied 
Models for double or treble bonds are fitted 

with locking pins. 
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Catapults. 
ballistas 
and 

Ton Exchange 


Ingeniously contrived ballistic missiles 
were weapons of war even two thousand 
years ago. Tacitus speaks of beating 
off the Barbarians with stones and 
spears out of ballistas. In 250 B.c. 
Philon worked out formule to relate 
the calibre of a catapult with the weight 
of the missile. Tests have shown that 
arrows and stones could be shot as 
much as 1,000 feet effectively. 


How much pleasanter the world 
would be if scientific talent were devoted 
merely to such beneficial research as 
resulted in the Deionisation method for 
the production of conductivity water. 


It it's fF l A first 


The Elgastat provides deionised water instantly—at tap 
speed. It requires neither power nor regeneration in 
situ. It supersedes distillation and makes multi- 
distillation a thing of the past. 


Elgalised water is free from trace metals, silica, ammonia 
and CO,. pH value is 6.6 to 7. T.D.S. is below 2 p.p.m. 
Elgalised water is up to 75 per cent cheaper than heat- 
distillate. 


Equipment cost: £30 5s. Od. to £72 0s. Od. according 
to output. 


INTERNATIONAL SPECIFICATION 

Elgastat B.102/E is designed specifically for use overseas. 
Cost is £39 Qs. 0d., including packing and shipment to 
any point of the globe. Please ask for Leaflet B.102/N. 


Please ask for a copy of our bulletin B.24/N giving 
effluent cost for your own area. If bacteria-free effluent 
is required, ask for publication B.102/B. May we send 
you a copy ? 


Elga Products Ltd., lon Exchange Division, Railway Place, London, S.W.19. 
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HIGH RESOLUTION WITH NEW 
INFRARED GRATING COMPONENT 


The new SP.130 Grating Accessory for the Unicam Infrared Spectro- 
meter employs two diffraction gratings of the Merton replica type, ruled 
at 1,500 and 3,000 lines/inch respectively for the ranges 650—2,150 cm" 
and 2,150—3,650 cm-. Selection of the appropriate grating (or reversion 
to single prism monochromator) is by simple push-button control. Added 
to the rocksalt prism of the basic instrument, the accessory makes avail- 
able a prism/grating double monochromator with exceptional resolving 
power and low stray light characteristics, These features combine with the © 
- outstanding photometric accuracy of the SP.100 spectrometer to provide 
is, an instrument well suited to the increasingly important field of intensity 

<4 measurements at high resolution. 

The Grating Accessory can be supplied as a component part of the 


28 Spectrometer or can be fitted by Unicam engineers to instruments already ) 
in service. 

3000cm -! 3000cm-! 
Aya B 

B 

te | | 

Schematic optical layout of prism/ grating double monochromator 
Fig. | Fig. 2 


The two. polystyrene spectra shown were run under exactly similar instrument 
conditions, fig. 1 on the standard spectrometer with rocksalt prism, fig. 2 on an 
instrument fitted with prism/grating double monochromator. The improvement in 
resolution is clearly shown by a comparison of the points marked A & B which appear 
as inflections in fig. 1 and are resolved as secondary peaks when the grating is used. 


: The SP.130 accessory further increases the range and power of the SP.100 Spectro- 
, meter and helps to provide all the facilities required for the most advanced infrared 
techniques. 


SP.130 
ME 


UNICAM INSTRUMENTS LIMITED - ARBURY WORKS - CAMBRIDGE 


j 


Weight: 7} Ib. AH 
Dimensions: 83” x 6” x 53”. MEITIER’ 


Cat. No. M.4971. 


This ‘small, robust and compact pH Meter, 
reading directly to 0.1 pH over a range of , 
14 pH units and accurate to 0.05 pH, is ex- 
tremely simple to operate and can be used by 
unskilled personnel in the Laboratory, Factory, 
or Field. 
Full details are given in List 105S. 
Price £55 


DORAN INSTRUMENT CO. LTD. 


STROUD, GLOS. Head Office : Stroud 462 London Office § Add. 2369 


HANDBOOK OF RESPIRATION 


Prepared under the direction of the Committee on the Handbook of 
Biological Data, Division of Biology and Agriculture, National Academy 
of Sciences, National Research Council of America. Analysed and compiled 
by PHILIP L. ALTMAN, JOHN F. GIBSON, M.D., and CHARLES C. 
WANG. 403 pages. 52s. 6d. 

This new book is a compilation of all known useful quantitative data pertaining to the 
mechanisms of gas exchange in man and laboratory animals. It represents the contributions 
of some 400 outstanding authorities in the field. Most of the information is presented in handy 
tabular or nomographic form. 


* * * * * 
Other volumes prepared under direction of the same authority 
HANDBOOK OF BIOLOGICAL DATA 


Edited by WILLIAM S. SPECTOR. 
An = collection of quantitative data covering the whole field of biology. 584 
pages. 52s. 6d. 


HANDBOOK OF TOXICOLOGY 
Volume 1. Acute Toxicities of Solids, Liquids and Gases. (Edited by WILLIAM S. 
SPECTOR). 408 pages. 49s. 
Volume 2. Antibiotics. (Edited by WILLIAM S. SPECTOR). 264 pages. 42s. 


Volume 3. Insecticides. (Edited by WILLIAM O. NEGHERBON). In two parts, totalling 
7oo pages. To be published in October 1958. Approximate price £5 5s. 


W. B. SAUNDERS COMPANY LTD. 
7 Grape Street LONDON, W.C.2 
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RECENT 
PUBLICATIONS 


Pests of Stored Grain and Grain Products 


RICHARD T. COTTON, Stored Product Insect Section, U.S. 
Department of Agriculture, 


Dr. Cotton’s valuable book is full of practical up-to-date in- 
formation on the problems of insect and rodent contamination. 
Some of the main topics are: methods of detecting contamina- 
tion in cereal from rodents, birds, and insects; prevention and 
control of insect infestation in grain ; new methods of storage ; 
methods of sanitation in grain storage and processing plants ; 
the latest information on fumigation; heat sterilization; and 
protection of stored seed. Concise, readable and completely 
indexed, over 100 figures and illustrations are included. 

306 pp. cloth. 22s. 


Symposium on Latency and Masking in Viral and 


Rickettsial Infections 

Editors: DR. DUARD L. WALKER, DR. ROBERT P. 

HANSON. and DR. ALFRED S. EVANS, University of 
sSconsin 


A record of the proceedings of a symposium held at the 
University of Wisconsin in September, 1957, this volume 
represents the results of an international meeting of eminent 
authorities to consider problems in latent infections. It con- 
tains discussions and exchange of information of workers from 
the United States, Canada and Europe, representing the major 
subdivisions of virology—plant, insect, bacterial and animal 
—and includes several experts on tumour viruses. 

An outstanding contribution of the conference was the effort 
to clarify and modify terminology to fit the current state of 
information relevant to latent infections 

212 pp. 11x84. Cloth. Illus. 38s. 


An Introduction to Scale Co-Ordinate Physics 


WILLIAM BENDER, Head of the Department of Physics, 
University of South Dakota 


This book develops a new approach to quantum theory in 
physics. Dr. Bender develops a set of macro operational 
concepts in terms of which a macro operational programme is 
outlined. This programme is carried forward to the emerg- 
ence of a scale co-ordinate geometry in terms of which certain 
familiar quantum concepts in physics receive a natural macro 
representation (based on gross apparatus performance). A 
new type of analytic geometry, ‘ scale co-ordinate geometry,’ 
emerges from a consideration of the operations on, and con- 
figurations of, gross apparatus. Many diagrams of well- 
known pieces of (gross) apparatus are included. 

348 pp. 11 x 84. Cloth. 60s. 


Methods of Testing Chemicals on Insects, 


Volume I 

HAROLD H. SHEPARD, Chief, 9 x Chemicals Staff, 
ogg Stabilization ‘Service, Department of Agri- 
culture 


This newly published manual, the first volume of a proposed 
three-volume study, describes methods of studying the effects 
of chemicals on insects. It includes laboratory screening 
methods for determining the killing efficiency of insecticidal 
sprays, dusts and fumigants. 


355 pp. Cloth. 40s. 
BURGESS PUBLISHING COMPANY 
Minneapolis 
MAYFLOWER 
London 


| ESTABLISHED 1844 | 


H.K. LEWIS ‘for at books 


ON PURE AND APPLIED SCIENCE 
Including 
CHEMISTRY : BIOLOGY : PHYSICS 
MATHEMATICS, ENGINEERING AND 
AGRICULTURE, etc. 
Catalogues on application, please state interests. 


H. K. LEWIS & Co. Ltd., 136 Gower Street 
Telephone] LONDON, W.C.I [EUSton 4282 


WM. DAWSON & SONS LTD. 


ANTIQUARIAN SCIENTIFIC 
PERIODICALS & BOOKS 
Complete libraries purchased 
16 PALL MALL - LONDON .- S.W.1 


NYLON ° P.T.F.E. 
ROD, BAR, SHEET, TUBE, STRIP, WIRE 
No Quantity too small ° List on application 
BRASS * COPPER * DURAL* ALUMINIUM * BRONZE 


H. ROLLET & CO., LTD. 
LONDON, BIRMINGHAM, LEEDS, LIVERPOOL, MANCHESTER 


THE WORLD'S GREATEST 
BOOKSHOP 


BOOKS 


Any morning’s post at Foyles includes 
an extraordinary variety of requests. 
From Nicosia, for instance, comes 
an order for a book on watercress 
cultivation ; a trio of television sing- 
ing sisters asks for three copies of ‘War 
and Peace’; and a much-married 
American entertainer enquires (a 
trifle wearily, we thought) about Dr. 
David Mace’s “Marriage : The Art of 
Lasting Happiness.’ Book-buyers 
throughout the world send to Foyles 
for all their book requirements. 


* We were able to supply all three 
books from stock. 


119-125 CHARING CROSS ROAD 
LONDON WCz2 
Gerrard 5660 (20 lines) ¥ Open 9-6 (Mon. & Thur. 9-7) 
Two minutes from Tottenham Court Road Station 
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MACMILLAN BOOKS 


Mountains in the Sea 
MARTIN HOLDGATE 


The superb story of the Gough Island Expedition, with a foreword by H.R.H. Prince 
Philip, Duke of Edinburgh. A book of new discoveries, excitements and fascinating 
anecdotes of birds and animals, seen in surroundings of great natural beauty. 

6 pages of magnificent colour photographs and 32 pages of halftones 25s 


Solid State Physical Electronics 
PROFESSOR ALBERT VAN DER ZIEL 


A comprehensive introduction to the physics of the solid state devices that are used, 
or are being developed for use, in the electronics industry. Illustrated 37s 6d 


Atlas of the Sky 
VINCENT DE CALLATAY 


A unique atlas, containing 72 pages of text and 36 plates, for the use of amateurs of 
astronomy. Translated and with a Foreword by Sir Harold Spencer Jones, former 
Astronomer Royal. ‘The whole work is simply and most admirably planned.’— 
Sphere. ‘It is just what the amateur astronomer wants.’—Financial Times. 65s 


The Man-made Fibres Industry 


R. ROBSON 
AUTHOR OF The Cotton Industry in Britain 


The first book to tell of the development and structure of the industry, its economic 
and scientific basis, in England and overseas. ‘Compactly written . . . to the point and 
right up-to-date. It can be thoroughly recommended to anyone who is confused by 
the complexity of the situation within the man-made fibre industry in which new fibres 
are emerging daily.-—Skinner’s Silk and Rayon Record. 21s 


All prices are net 


==St. Martin’s Street, London, W.C.2= 
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New Books 


EVOLUTION OF 
GENETIC SYSTEMS 
C. D. Darlington 


Genetics is here presented as the study of systems 
of heredity and variation, systems which rest on a 
basis of the chromosomes and are related to one 
another by processes of natural selection. The book 
also shows that the chromosome theory is now some- 
thing more than a profession of faith or even an 
instrument of genetic discovery : it is the key with 
which we are opening the door between the physical 
and biological sciences. 


264 pages. 2Is. net. 


GENETICS IN THE 
ATOMIC AGE 


C. Auerbach 


A study dealing with a subject which is of vital 


' interest to us all. To appreciate the widespread 
" concern among doctors and scientists it is necessary 


to understand the genetical principles of heredity 
and mutation. Dr. Auerbach, one of the world’s fore- 
most pioneers in these fields, helps us to that under- 
standing, and her exposition is aided by a large number 
of illustrations. 


114 pages. 8s. 6d. net. 


THE ORIGIN OF LIFE 
ON THE EARTH 
A. |. Oparin 


During the 1920’s Professor Oparin’s book on the 
origin of life aroused great interest in scientific 
circles. Since then, many new discoveries have been 
made which have tended to confirm the theories of 
Oparin. This book is a completely re-written account 
of those theories along with discussion of all the 
relevant scientific material which has come to hand 
since that time. 


516 pages. 35s. net. 


TWEEDDALE COURT, EDINBURGH | 


Oliver & Boyd | 


Quality 


STOP 
WATCHES 


for Scientific use 
This 603 stop — is 


pe- 

ment 1/10th. second 

with a split facility and 

a 30 minute recorder. 

it is also accumulative 

—enabling successive 

observation to be 

totalized. It is usually 

supplied complete with 
N.P.L. Certificate. 


service. Our 

skilled repair staff deals 
with all types of watches, 
clocks and associated 
equipment. ser- 
vice—ring MUSeum 2255. 


Sectional catalogues and leaflets available 

Watches, stop watches and chronographs. Clocks: aircraft, domestic, in- 
dustrial, architectural and turret. Revolution counters, tachographs and 
associated equipment. Process timers and time interval meters. Electronic 
instruments. Marine chronometers, electrically controlled stop watches 
and kymographs. 


CAMERER CUSS 


Timing Division 
Makers of good pwd and Watches since 1788 
at 54/56 NEW OXFORD STREET, LONDON, W.C.1 
MUSeum 8968/9 
Our only other Address: 91 Kingsway, W.C.2 


WHEREVERIT IS 
MOST NEEDED 


A compact source of high intensity illumination- 
in any position necessary—during:— 
MINOR SURGERY * CASUALTY . O.P.D 
FACTORY CLINIC OR 
DENTAL SURGERY EXAMINATIONS 


Full details and an illustrated booklet gladly supplied 
on request to: 


RAYNER 
100 NEW BOND STREET, LONDON, W.1 
-GROsvenor 5081 
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NEW ACADEMIC PRESS BOOKS 


RUSSIAN-ENGLISH 
MEDICAL DICTIONARY 


By STANLEY JABLONSKI, National Library of Medicine, Washington, D.C. 
Edited by B. S. LEVINE, formerly National Institutes of Health, Bethesda, Maryland. 
November 1958, 423 pp., illus., approx. 88s. 


THE PURPOSE OF this dictionary is to provide a specialized tool for the translation of 
Russian medical literature into English. 

All principal branches of medicine and all main paramedical sciences such as histology, 
pathology, dentistry, veterinary medicine, are represented in this work. Particular 
attention is given to areas in which misunderstandings of nomenclature may result from 
the difference in approach followed by Russian and English-speaking medical scientists. 
; A wide variety of names of plants used in medicine as well as those of potential interest 
, to medical scientists is included. 

5 The dictionary contains an extensive number of Pavlovian terms which are usually 
accompanied by complete definitions. Modern Russian drugs are listed with American 
equivalents, synonyms, and pharmacological data. 

This work will prove especially useful to Western researchers because it provides broad 
coverage of areas peculiar to Russian medicine and contains complete definitions where 
common English equivalents are not available. 


CHOLESTEROL 


Chemistry, Biochemistry, and Pathology 
Edited by ROBERT P. COOK, University of St. Andrews, Queen’s College, Dundee, Scotland. 
May 1958, 542 pp., illus., 107s. 6d. 

CONTENTS: 


Henrik Dam, Historical Introduction. Microscopical Localization of Cholesterol in 
PETER BLADON, Chemistry. RopertT P. Cells and Tissues. DAviD ADLERSBERG AND 


Cook AND JAMEs B. M. Rattray, Methods 
of Isolation and Estimation of Sterols. 
Rosert P. Cook, Distribution of Sterols in 
Organisms and in Tissues. GEORGE S. Boyp 
AND MICHAEL F. OLIvER, The Physiology of 
the Circulating Cholesterol and _ Lipo- 
proteins. R. GORDON GOULD, Biosynthesis of 
Cholesterol. R. GORDON GOULD AND ROBERT 
P. Coox, The Metabolism of Cholesterol 
and Other Sterols in the Animal Organism. 
Oscar HECHTER, Conversion of Cholesterol 
to Steroid Hormones. GEOFFREY H. BOURNE, 


Harry SosotKa, Pathological Manifestations 
of Abnormal Cholesterol Metabolism. 
Irvine H. PaGE, Treatment of Disorders of 
Cholesterol Metabolism. WERNER BERGMANN, 
Evolutionary Aspects of the Sterols. Mar- 
JORIE G. HorninG, The Sterol Requirements 
of Insects and of Protozoa. THRESSA C. 
STADTMAN, The Microbial Metabolism of 
Steroids. ROBERT P. Cook, Some Relations 
of Cholesterol to Other Lipids. APPENDIX 
OF PRACTICAL METHODS. AUTHOR INDEX— 
SUBJECT INDEX. 


ACADEMIC PRESS INC., PUBLISHERS 


111 Fifth Avenue, New York 3, New York, U.S.A. 


British Office: Academic Books Ltd., 129 Queensway, London, W.2 
Phone : BAYswater 3149 
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now 


available 


WHATMAN 


@ excellent retention with 
rapid filtration 


@ high softening point 


@ outstanding chemical 
resistance 


These brilliant white, exceptionally 
strong papers are composed entirely 
of glass micro fibres with no added 
binding materials. Their excellent 
retention properties make them par- 
ticularly useful for filtering very 
fine precipitates and semi-colloidal 
substances through a coarse porosity 
crucible. The filtration rate is very 


Glass 
Fibre 
Papers 


rapid, and there isno risk of blocking. 
The papers are also recommend- 
ed for routine filtration through 
Buchner and Hirsch funnels, and 
for certain applications in Chro- 
matography and Electrophoresis. 
Although in the latter techniques 
they do not replace conventional 
Whatman papers, the intrinsic pro- 
perties of Glass Fibre Papers can be 
utilised effectively for investigating 
non-aqueous systems, organic mix- 
tures of protein origin and several 
other substances. 
Please write for technical literature. 


H. REEVE ANGEL & CO LTD 
9 BRIDEWELL PLACE LONDON EC4 
also at 52 DUANE STREET NEW YORK 7 
sole distributors of 


WHATMAN FILTER PAPERS 


(manufacturers W. & R. Baiston Ltd) 
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O D p RIC: By MAX HERZBERGER 
ME Research Laboratories, Eastman Kodak Co., 
O Rochester, New York. 
GE 1958 516 pages 104 illus. 11 tables 108/- 
(PURE AND APPLIED MATHEMATICS — VOLUME VIII) 


CONTENTS : I. Ray-Tracing. II. Precalculation of Optical Systems. III. General Laws, IV. Con- 
centric Systems. V. Rotation-Symmetric Systems. VI. Approximation Theory for Normal Systems. 
VII. Third- and Fifth-Order Image-Error Theory. VIII. Interpolation Theory of the Optical Image. 
IX. Optics in General Media. X. Appendix. Bibliography. Index. 


‘, . « lens design is still more an art than a science... 
PURE AND APPLIED MATHEMATICS series : 


Already published— 


VOL. I SupERsonic FLow AND SHOCK WAVES II NONLINEAR VIBRATIONS IN MECH- 


ANICAL AND ELECTRICAL SYSTEMS by 


by R. CouRANT and K. O. FRIEDRICHS. 

1948. 72/- J. J. STOKER. 1950. 57/- 
III DiricHLet’s PRINCIPLE, CONFORMAL IV Water Waves by J. J. STOKER. 

MAPPING, AND MINIMAL SURFACES 1957. 88/- 

by R. COURANT. 1950. 64/- VI DIFFERENTIAL EQuaTIONs: GEO- 
V INTEGRAL Equations by F. G. METRIC THEORY by S. LEFSCHETZ. 

TRICOMI. 1957. §2/- 1957. 68/- 


To be published shortly— 5 
VOL. VII. LINEAR OPERATORS by N. DUNFORD and J. T. SCHWARTZ. 


Part 1, General theory. 1958. Approx. 173/-. Part 2, Spectral Theory. In preparation. 


INTRODUCTION TO ALGEBRAIC GEOMETRY 


y 
SERGE LANG 
Columbia University, New York 
| 1958 272 pages 52/- 
(INTERSCIENCE TRACTS IN PURE AND APPLIED MATHEMATICS - Number 5) 
| CONTENTS : I. General Theory of Places. II. Algebraic Varieties. III. Absolute Theory of Varieties. 


IV. Products, Projections, and Correspondences. V. Normal Varieties. VI. Divisors and Linear Systems. 
VII. Differential Forms. VIII. Theory of Simple Points. IX. Algebraic Groups. X. Riemann-Roch 


Theorem. Index. 
| “Algebraic geometry is the study of systems of algebraic equations in several variables . . .’ 
| TRACTS IN PURE AND APPLIED MATHEMATICS series : 
Already published— 

No. 1. ToPOLOGICAL TRANSFORMATION GROUPS 


No. 2. PLANE WAVES AND SPHERICAL MEANS 


| D. MONTGOMERY and L. — by F. JOHN. 1955. 32/- 
1955. 40/- 

| 3. GEOMETRIC ALGEBRA by E. ARTIN. 4. DIFFERENCE METHODS FOR INITIAL VALUE 
| 1957. - PROBLEMS by R. D. RICHTMYER. 1957. 46/— 
To be published shortly — 


No. 6. CONVEX SURFACES by H. BUSEMANN. 1958. Approx. 45/-- 


INTERSCIENCE PUBLISHERS LIMITED 


88-90 CHANCERY LANE, LONDON, W.C.2 
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LEAK DETECTION. 


it’s elementary 


When a Vacuum system begins to leak, 

And is out of action for more than a week, 
Don’t waste a skilled technician’s time 

With elaborate instruments, trying to find 
the] LEAK 


Invest in LEYBOLD detection equipment, 
It’s safe, it’s sure—a sound investment ; 
And yet another important feature 
The total cost is so much cheaper 
£160 complete 


For further information regarding Leybold Vacuum 
Leak Detection equipment, please send your inquiries to... 


Agenw tor Leyboid, Germany. 
LEYBOLD VACUUM SALES LTD. 
27/37 Broadwick Street London . w.l GERrard 9641 


Hopkin and Williams Ltd. have been noted, for many 
years, for their range of Organic Reagents for the detection or 
determination of metals, and other radicals, and the Company is 
publishing, regularly, a series of Monographs relating to these reagents. 
The following Monographs are available free on request :— 


No. 34 CARMINE — Reagent for Boron. 
No. 35 2:4-XYLENOL— Reagent for Nitrate. 


No. 36 p-BROMOMANDELIC ACID 


— Reagent for Zirconium. 


Previous Monographs in the series have already been issued in collective form, 
under the title ‘‘Organic Reagents for Metals, and Other Reagent Monographs’’, Volume 1. 
Copies of this publication are still available at 15/- nett, post free, and full details will be sent on request. 


HOPKIN & WILLIAMS Limited 


CHADWELL HEATH - ESSEX - ENGLAND 
Branches in LONDON « MANCHESTER: GLASGOW - Agents throughout the U.K. and all over the World 
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‘For large 


and high standards— 
the LOUGHBOROUGH 
SEMI-MICRO SET 


THE GLASSWARE !S ROBUST — The com- 
bination of round-bottomed flasks and B.14 
joints throughout gives that extra strength, 
desirable in apparatus for educational 
laboratories, without sacrificing valuable 
economies in chemicals. 


THE FIXING ASSEMBLY IS UNIQUE — The 
complete apparatus is firmly and safely 
carried on the framework, mounted on a 
single retort stand. The student lines up the 
apparatus as he would full-scale equipment 


— no predetermined positioning of clamps. 
Ordinary bunsen burners can be used and 
there is no fire risk — all fixings are metal. 


THE SET IS VERSATILE — 15 operations 
can be carried out with this apparatus. 


Write for details — there are alternatives 
provided to meet personal preferences and 
individual budgets. 


LOUGHBOROUGH GLASS COMPANY LTD., LOUGHBOROUGH, LEICS. 
Telephone: Loughborough 4881 Telegrams: Glass-Telex-Loughborough Telex: 34/629 
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The fungus stereum 
subpileatum breaks 
down the cell 

structure of the wood 


FOR PROGRESSIVE LABORATORIES, 


THE STORY OF THE 


PERSIAN 


BEER BARREL 


The mind of the beer drinker boggles 
indeed when he finds his pint smelis of 
cheap scent... and that is what might 
have happened to many a man in the 
Spring of 1957, when he ordered X's 
Best Bitter. 

The trouble was traced back to the 


. barrels; the Persian oak from which 


they were made was infected with a 
fungus, living in the depths of the wood, 
that gave the beer its unwelcome 
perfume. 

Oxoid Wort Agar then came into the © 
story. Specimens of infected wood were 
incubated in the Agar, and tests were 
carried out to discover effective ways of 
killing the fungus. The normal steam- 
ing of staves would kill the fungus, but 
reinfection could occur from unheated 
heads of casks. 


CULTURE MEDIA 


The use of Oxoid Culture Media ensures 
constant quality and uniformity in your 
laboratory technique. Absolutely reliable, 
quick, convenient and economical, Oxoid 
Culture Media are available in tablet or 
granular form. Full details from: Oxoid 
Division of Oxo Ltd., Thames House, 
London, E.C.4 (CENtral 9781). 
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DRIER 


Designed on the same principle as a coupled heating 
and ventilating system, the Unitherm Drier is an 
efficient laboratory cabinet giving rapid, uniform drying. 
It has a capacity of 100 trays of 400 grams of material of 
D.M. content 20% and has been carefully tested at 
controlled working temperatures up to 105° C. 


Leaflet No. 24 gives full details. 


BIRMINGHAM & BLACKBURN 


CONSTRUCTION CO. LTD. 
ARMOURY CLOSE, BORDESLEY GREEN, BIRMINGHAM 9 


CHEMICAL PRODUCTS 


From the earliest days of the company, the 
compounds of silver, gold and the platinum 
metals have been among Johnson Matthey 
products. More recently, the experience and 
manufacturing resources built up over the 
years have been turned to the preparation of 
other important compounds, and there is 
available to-day a wide range of specialized 
inorganic chemicals of high purity—the simple 
and complex salts of the precious metals, com- 
pounds of minor and rarer metals, and rare 


earths. 


| 
| 


Publication 1750, free on request, gives details 
of the chemical products in regular supply. 


Johnson Matthey 


Telephone : Holborn 6989 


JOHNSON, MATTHEY & CO., LTD., 73-83 Hatton Garden, London, E.C.I. 
Vittoria Street, Birmingham, |. Telephone : Central 8004 


75-79 Eyre Street, Sheffield, |. Telephone : 29212 
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... 4 NEW INSTRUMENT BY NASH AND THOMPSON 


THE SEROLOGICAL DISPENSER 


This automatic dispenser for multiple 
titrations was developed at the Lister 
Institute of Preventive Medicine for 
routine serological investigations. The 
apparatus allows the performance of up to 
12 titrations in a single operation with 
even less manipulation than required for a 
single test by conventional technique. 


Volume range 0.01 ml to 1.0 ml. 

Automatic loading of up to 12 pipettes. 

Simultaneous dispensing from all pipettes. 

Accuracy better than that obtainable 

using Grade ‘B’ British Standard serological 
glassware. 


volumetric 


The instrument has possible applications in micro-chemistry 
and micro-biology, For further information write to: 


Nash and Thompson 


LIMITED 


OAKCROFT ROAD . CHESSINGTON - SURREY - ELMBRIDGE §252 
WHG/NT.68 


MAGNETIC SEPARATOR a 
The pleasure is ours... 


to be able to offer an et comprehensive 
Biology supply service. 
Our reputation is your guarantee. 
Write today for our catalogues : 
Biolo; 


@ Zoology, Botany 
and Entomology 


@ Microscopical 


The Magnetic Separator used by the British, 


Commonwealth and Foreign Government Depart- @] Microscopes 
ments, University and Commercial Laboratories 
all over the World. @ Human 
Separations of at least 99% purity easily obtained Senet 
even in certain instances when the specific gravities 
of the minerals are so close that they cannot be @ Apparatus and 
separated by the Centrifuge. Instruments 
rating pan wi hopper and collecting pans. @ Zool | and 
Can also be supplied with Vertical bulk separation Botanical 
attachment shown above at side of Separator. 
Send for particulars. Visual Aids 
‘and Fite Strips 46-48 Pentonville Road, 
CHAS. W. COOK & SONS, LTD. Loridon, N.! 


97 Walsall Rd., Perry Barr, Birmingham, 22B, England . Telephone - Terminus 8006/7 
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HEATING TAPES 


for easily controlled temperatures up 
to 450° C., 600° C. and 800° C. 


Five basic designs have been developed by 
Electrothermal, the originators of heating tapes, 
all of which afford easy application and econom- 
ical operation. They are available from all 
Laboratory Supply Houses in a large variety of 
widths and lengths. 


Other forms of surface heaters are available for : 


* Temperatures up to |,000°C. 
* Frost protection 
* Flameproof areas 
* Damp conditions 


Please request leaflet No. N/274 
(photo by courtesy of Lewis Berger Ltd.) 


270 Neville Road, London, E.7. Tel: GRA 9911 


“GURR’S” cconce cunn 


Since 1915 **GURR’S” brand of MICROSCOPICAL STAINS and 
Reagents has become worl ous. 
If you want this world-famous brand, specify “GURR’S” 
and refuse any other. 


Ask for catalogue E8 
GEORGE T. GURR LTD 
136-138 NEW KINGS ROAD, LONDON, S.W.6 


SILICONE RUBBER 


TUBING, BUNGS, STRIP, WASHERS, 
BOTTLE CAP LINERS & MOULDINGS 
MADE TO SPECIFICATION 


ESCO (RUBBER) LTD 


2 Stothard Place, Bishopsgate, London, E.C.2 


PICKSTONE’S £26 
THERMOSTATIC OVEN 


Now available to laboratories after ex- 
haustive cests proving efficiency, reliability 
and precision. Capacity 12 in. > 12 in. x 
'4,in. Fitted with 3 aluminium trays per- 
forated | in. holes. Temp. range 50° C. 
—250° C. controlled by easily-read 
thermostat calibrated in degrees C. 
Power consumption 600 watts. Order 


with confidence or request details. oh 


Latest of series of low-cost 
Equipment, descriptive leaflets 
we shall be glad to send you. in 


V2 R. E. PICKSTONE LTD 


56/60 Islington Park St., London N.1 CAN 6198 


HOT PLATE FOR DRYING 
MICROSCOPE SLIDES 


Plate of Brass 18’ x 8° x 34° thick. Gas Heated 
Price on application 


HOSPITAL AND LABORATORY SUPPLIES LTD. 


12 CHARTERHOUSE SQUARE 
LONDON, E.C.1 


COMPLETE LABORATORY FURNISHERS 
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THE TOWERS LABJACK 


A useful laboratory accessory for the 
careful raising or lowering of equipment 
such as water baths, oil baths, heating 
mantles, Dewar flasks, etc. 


Particularly suitable for use with a large 
assembly of interchangeable ground joint 
glassware where it is necessary to remove 
a distillation flask or receiver from time to 
time without disturbing the rest of the 
glassware. 


May we send you full details? 


Stockton, 
44 Chapel Street, 28 Bridge Road, 
Salford 3, Stockton-on-Tees. 
(Blackfriars 2677.) (Stockton 65141.) 
TELEX 58543. 


J. W. TOWERS & CO., LTD. 
Head Office and Works: WIDNES, Lancs (W idnes 2201 Telex 62183) 


Liverpoo London, 

134 a Hill, Industrial Estate, 
Liverpool, 3. Uxbridge, Middx. 
(Royal 4074.) (Uxbridge 8461.) 


Telex 24411 


Your Power Problem CAN be solved! 
with the HT125 Resin Sealed 


This new Type HT 125 Cell and Battery 
has been produced to meet the needs 

for small, light, rechargeable batteries of any 
desired voltage, and capable of supplying 
power in a limitless range of applications. 


The design is based upon the production 
of strips of 1 to 10 cells which can 
be arranged in any desired form. 
The result is a battery which is hermetically - 
sealed, requires no topping-up 
or maintenance, and will fit into any 
odd space which so often is all that is 
available for power supply. Write for 
full technical details and brochure N 


KINGSTON BY-PASS, NEW MALDEN, 


The HT125 cell has a nominal capacity of 0.125 ampere 


hours, and is suitable for discharge from 10 to 500 milliamps. 
A single cell weighs oz., measures 1} in. X in. 9/32in. G 


ACCUMULATORS LIMITED 


SURREY. MALDen 2442 


A member of the Venner Group of Companies 
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ZEISS STEREO-MICROSCOPE 
SM XX 


With rapid change of magnification from 
x4 to x 100, working distance 4 ins., for 
stereomicroscopic research and dissection 
by incident or transmitted light; write 
for pamphlet CZ 30-157a-2. 


C. Z. Scientific Instruments Ltd. 
12A Golden Square, London, W.1. 
Tel. GERrard 4488. 


has opened up a whole new field in the 


use of the near infra-red. 


A high percentage of analyses previously thought 
possible only in the rock salt region are now 
being carried out on Mervyn Instruments. 
Quantitative and qualitative analyses of many 
hydrocarbons are easily undertaken, chlorinated 
compounds of many types can be identified. 
Methods are available for the examination of 
complex phthalates. Heavy water analysis can 
best be carried out in the near infra-red. 


Please write to Dept. IS/4 for the specification 
of the latest Mervyn N.P.L. INFRA-RED SPECTRO- 
METER, together with additional data on analysis 


in seprey near infra-red, under high resolution. 
MERVYN-N.P.L. 
INFRA-RED 
SPECTROMETER 


MERVYN INSTRUMENTS 


PB 10a 
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FOR RAPID REDUCTION 
OF THE COMPLEX 


The Gas Chromatographic 
technique introduced by Mar- 
tin and James in 19§2 is now 
firmly established as one of 
the most important methods 
of organic analysis that has 
been developed in our time. 
The Griffin V P C Apparatus 
(described in Brochure 
P2034/1) employs this tech- 
nique for the qualitative and 
quantitative analysis of gases, 
liquids and some solids i in the 
boiling range o-350° Centi- 
grade. 

Economical instrumentation 
Rapid analysis 
Permanent record 
of analysis 
* 


GRIFFIN & GEORGE 
(Technical Services) Limited 
V PC Division 
Ealing Road, Alperton, Wembley 
Middlesex. Phone: PERivale 3344 


Benzene (BPt 801C) 

Carbon Tetrachloride 76-7c) 

Cyclohexane (B.Pt 81°C) 

Acrylonitrile (B.Pt 78-9C) 

thyl Alcohol (B.Pt 78-5" 

etaldehyde 


(B.Pt 21C) 


Recent Hilger Publications 


Spectrochemical Abstracts 


by E. H. van Someren and F. Lachman 
Volume V of this well-known series con- 
tains abstracts of all the important papers 
published on spectrochemical analysis in 
1952 and 1953. -Price 20s. net 


Clinical Biechemical Methods 


by A. Tarnoky 

This book sets out the tests most commonly 
encountered in clinical practice in semi- 
tabular form so that they are easily followed 
by the worker on the bench. Price §o0s. net 


Absorption Spectrophotometry 


by G. F. Lothian 

For its second edition this book has been 
completely revised and reset. It deals with 
the theory, instrumentation, and applica- 
tion of absorption spectrophotometry, and 
has been enlarged to include the latest 


, developments in this field. Price 52s. net 


HILGER & WATTS LTD 
98 ST PANCRAS WAY, LONDON, NW: 


THE “MIKROPS” IMPROVED 
INSECT STAGE 


DELIVERY FROM STOCK 


New pattern takes any size of pin 
Complete with 3 platforms £4.17.6 


Part of our comprehensive service to Biology 


FLATTERS & GARNETT LTD. 
309 Oxford Road, Manchester 13 
Established 1901 
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BUTTERWORTHS SCIENTIFIC PUBLICATIONS 
Publishers to the International Union of Pure and Applied Chemistry 


We proudly announce this new association between one of the 
foremost International Scientific Unions and Butterworths 
Scientific Publications. 


IUPAC activities extend over the whole range of organic and 
inorganic chemistry. Records-of its transactions will be of ever 
increasing importance to the research team and to their librarian. 
You will be advised through the pages of ‘Nature’ and by direct 
mail as each new publication appears. 

By this recent agreement the International Union of Pure and 
Applied Chemistry has paid a signal honour to British publishing. 
In particular it acknowledges the standard of publishing which has 
made Butterworths more than a name... a publishing tradition. 


BUTTERWORTHS SCIENTIFIC PUBLICATIONS 
Publishers to the International Union of Pure and Applied Chemistry 
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LECTURES AND COURSES 


PORTSMOUTH COLLEGE OF 


TECHNOLOGY 
DEPARTMENT OF CHEMISTRY AND 
BIOLOGY 


10) 

SANDWICH COURSE IN CHEMISTRY 

For the third consecutive year the Sandwich 
Course in Chemistry will be held, commencing in 
September, 1958. The Course prepares for the 
examinations leading to the Graduateship of the 
Royal Institute of Chemistry. The Course (Works- 
based and College-based) is of four years’ dura- 
tion and involves six months’ study at College each 
year. The normal requirements for admission will 
be passes at “A” level (G.C.E.) in chemistry 
together with physics and/or mathematics, or a 
national certificate in chemistry. Some vacancies 
still remain. Inquiries from industrial firms, 
government departments and individual students 
welcomed. 

Particulars from the Registrar, College of Tech- 
nology, Park Road, Portsmouth. 


UNIVERSITY OF LONDON: A COURSE OF 
two lectures entitled (i) ‘‘ The Postulate of Invari- 
ance in Evolution ” ; (ii) ‘‘ The Cortical Correlate 
of Perceptual Organization” will be delivered by 
Professor W. Kohler (Princeton) at 5.30 p.m. on 
October 7 and 9 at University College (Physiology 
Lecture Theatre), Gower Street, W.C.1. Admis- 
sion free, without ticket.—James Henderson, Aca- 
demic Registrar. 


OFFICIAL. APPOINTMENTS 


FEDERATION OF NIGERIA 
DEPARTMENT OF AGRICULTURAL 
RESEARCH 

Agricultural specialist staff are required as 
follows: Plant Breeders. To undertake research 
on rice and legume crops. Plant Pathologists. To 
Study crop plant diseases and devise means for 
their eradication or control. Agronomists. To 
assess problems of field husbandry and to assist 
in the economic application of the results of re- 
search on coffee, kola, fruit, rice, and legume 
crops. Horticulturist or Economic Botanist. To 
plan the introduction and exploitation of plants 
of economic importance to Nigeria. Microbiolo- 
gist and Chemist. To carry out team research into 
improvements of soils and crops under high rain- 
fall conditions. Analyst. To carry out analysis 
and testing of soil and plant materials in connec- 
tion with the research programme of the soils and 
crops nutrition team and to supervise the routine 
work in the Chemistry Laboratory. Animal 
Geneticist. To advise on the animal breeding 
policies of the Regional Departments of Agricul- 
ture. Candidates must, in all cases, have a good 
honours degree in the appropriate subject with 
suitable postgraduate experience or training. Ap- 
pointments on contract/gratuity terms with emolu- 
ments in scale £966 to £1,824 per annum, Gratuity 
of £25 to £37 10s. for each completed period of 
three months’ satisfactory service. Outfit allow- 
ance £60. Free return passages for officer, wife 
and children up to equivalent of four adult pas- 
sages in all. Furnished quarters, usually available, 
at moderate rental. 

Apply, giving brief particulars to, Director of 
Recruitment, Colonial Office, London, S.W.1, 
quoting BCD.63/ 14/02. 


UNIVERSITY OF HONG KONG 
SENIOR RESEARCH OFFICER OR 
RESEARCH OFFICER IN THE FISHERIES 
RESEARCH UNIT 
Applications are invited for this post within the 
Department of Zoology. Annual salary (superan- 
nuabie) is: Senior Research Officer: £2,000 by 
£75 to £2,300 or Research Officer: £1,575 by £50 
to £2,175. There is also an annual expatriation 
allowance of £250 or £225, depending on the scale 
to which the successful applicant is appointed. 
The equivalent of income tax in the Colony is 


CHELSEA COLLEGE OF SCIENCE 


AND TECHNOLOGY 
MANRESA ROAD, S.W.3 
DEPARTMENT OF CHEMISTRY 
The Governors invite applications for the follow- 
ing posts: (a) Senior Lecturer in Analytical Chem- 
istry with special experience of some aspect of this 
subject, e.g., the Analysis of Food and Drugs, or 
Micro-analytical Methods. Industrial or research 
experience is essential. (b) Lecturer with special 
interests in Physical Organic Chemistry and with 
postgraduate experience in this field. (c) Lecturer 
with special knowledge of Theoretical Inorganic 
Chemistry and with postgraduate experience in this 
field. (d) Lecturer or Assistant Lecturer in Organic 
Chemistry with postgraduate experience. For ap- 
pointments (b), (c), (d) (except that of Assistant 
Lecturer) some previous teaching experience is 
regarded as essential. The appropriate salary 
scales for men are as follows: (i) Senior Lecturer, 
£1,350 by £50 to £1,550 ; (ii) Lecturer, £1,200 by 
£30 to £1,350; (iii) Assistant, Grade B, £650 by 
£25 to £1,025, plus additions for training (£25 to 
£75) ; graduate status (£75) ; good honours degree 
(£50), and London allowance of £36 or £48 accord- 
ing to age. The salary scales and additions for 
women are slightly less than those for men but 
are subject to equal pay increments leading to 

equalization as from April 1, 1961. 

Particulars and forms of application from the 
Clerk to the Governors, to whom applications 
should be submitted by October 13, 1958. 


RADIOCHEMICAL CENTRE 
AMERSHAM 
has vacancies for 


TWO ORGANIC CHEMISTS AND A 
BIOCHEMIST 


to work on the labelling of complex com- 
pounds with radioactive isotopes. 

Applicants should possess at least a first- 
0. second-class honours degree and have a 
special aptitude for exacting preparative 
chemistry. 

Appointments will be made as Scientific 
Officers (£645 to £1,120) or Senior Scientific 
Officers (£1,215 to £1,425) with good pros- 
pects of promotion to higher posts, under 
the standard conditions of service in the 
United Kingdom Atomic Energy Authority. 

Apply to the Personnel Officer (1225Y /34), 
The iochemical Centre, Amersham, 
Buckinghamshire. 


UNIVERSITY OF MANCHESTER 

Applications are invited for the post of Assistant 
Lecturer in Physics with special qualifications or 
interests in radio astronomy. Salary scale £700 to 
£850 per annum with membership of the F.S.S.U. 
and Children’s Allowance Scheme. 

Applications should be sent not later than 
October 11, 1958, to the Registrar, the University, 
Manchester, 13, from whom further particulars 
and forms of application may be obtained. 


WELSH COLLEGE OF ADVANCED 


TECHNOLOGY 
REGIONAL TECHNICAL INFORMATION 
OFFICER 


Applications are invited for the post of Regional 
Technical Information Officer, to be based on the 
College. Applicants should be qualified in pure 
or applied science with a broad background of 
knowledge and experience. In the first instance 
the post is temporary for eighteen months. The 
salary offered will be between £1,350 to £1,550, 
depending upon qualifications and experience. 

Further particulars may be obtained from the 
Principal, at the College, Cathays Park, Cardiff. 

T E. PRESSWOOD., 
Clerk to the Governors. 


City Hall, Cardiff. 


comparatively low. First-class sea are 
provided for expatriate staff and their families on 
first appointment and leaves. Furnished accom- 
modation is provided for expatriate staff at reason- 
able rents. Applicants should be men who are 
qualified zoologists with experience of fisheries re- 
search. The successful appli wi ired 
to take up his duties on January 1, 1959. 

Further particulars and information as to the 
method of application may be obtained from the 
Secretary, Association of Universities of the British 
Commonwealth, 36 Gordon Square, London, 
W.C.1. The closing date for the receipt of appli- 
= in Hong Kong and London, is October 30, 
1958. 


APPLICATIONS ARE INVITED FOR THE 
post of Physiologist (or Pharmacologist) with the 
Medical Research Council in the Department of 
the Regius Professor of Medicine, Radcliffe Infirm- 
ary, Oxford. The applicant should have a Ph.D. 
or equivalent experience of research. Research is 
contemplated into various problems connected 
with neurohumoral physiology. Experience in 
pharmacological assay, experimental physiology or 
electro-physiology is desirable. Salary approxi- 
mately £1,150. The post comes under the F.S.S.U 
for superannuation.—Applications to be sent to 
the Regius Professor of Medicine at the above 
address. 


NIGERIAN COLLEGE OF ARTS, 
SCIENCE AND TECHNOLOGY 


Principal: C. A. Hart, C.M.G., T.D., D.Sc., 
Ph.D., M.LC.E.,  M.I.Mech.E., F.R.LCS,, 
A.M.LStruct.E. 


Applications are invited for the posts of 
(a) Senior Lecturer in Applied Mathematics and 
(b) 2 Lecturers in Mathematics. Qualifications: 
Good honours degree and teaching experience. 
Salary scale (Pensionable): (a) Grade II, £1,410 to 
£1,740 per annum or Grade I, £1,800 to £1,989 
per annum; (b) £804 to £1,690 per annum in- 
cluding inducement addition for overseas candi- 
dates. Entry point according to experience, 
Appointment on contract at 10 per cent higher 
basic salary plus gratuity £100 to £150 per annum 
can be made if preferred. Partly furnished house 
at moderate rent; 7 days’ leave, normally taken 
annually, for each month of resident service. 
Free first-class passages. Children’s U.K. main- 
tenance grant up to £150 annually and passage 
assistance. Free medical attention. 

Applications (six copies). giving age, qualifica- 
tions, experience and names of three referees, 
should be sent to The Council for Overseas 
Colleges, 12 Lincoln’s Inn Fields, London, W.C.2. 
Closing date October 6, 1958. 


Middlesex County Council Education 
Committee 

BRUNEL COLLEGE OF TECHNOLOGY 

WOODLANDS AVENUE, ACTON, W.3 

There are the following three vacancies for 
lecturers at the College, each post being within 
the Burnham Scale range £1,236 to £1,398 per 
annum. 

1. LECTURER IN SPECTROSCOPY to teach 
the subject in courses for the Diploma in Tech- 
nology. Degree and professional qualifications 
necessary. and the person appointed may be re- 
quired to give assistance with the teaching of 
Physical Chemistry. Ability to advise research 
students in the use of spectroscopic techniques 
desirable. 

2. LECTURERS IN ELECTRONICS (2 posts) 
in the Department of Electronics to teach the 
subject in its physical and applied aspects. The 
Department is responsible for the teaching of 
Electronics throughout the College. good 
understanding of the fundamentals of electronics ; 
industrial or research experience is necessary and 
university or technical college experience desirable 
but not essential. 

The College, which occupies very pleasant 
modern buildings, is new and developing rapidly ; 
it offers courses for the Diploma in Technology, 
University of London degrees and other quali- 
fications. There are many interesting educational 
problems associated with its new courses. ’ 
contact is maintained with industry and with 
major research organizations, and every encourage- 
ment is given to staff to undertake research. _ 

Those interested in the above posts should write 
at once to the Principal. 

C. E. GURR, M.Sc., Ph.D., 
Clerk to the Governing Body. 


UNIVERSITY OF READING 

Research Assistant wanted for work on the 
physiology of flowering in carnations. The appoint- 
ment would be, in the first instance. for one year 
only. Candidates should have a good first degree 
in botany or horticulture ; research experience and 
a higher degree an advantage. Salary between 
£450 and £600 per annum according to age and 
experience. 

Applications to Professor O. V. S. Heath, 
Department of Horticulture, The University, 
Reading. 


SENIOR SCIENTIFIC AND_ SCIENTIFIC 
Officers, required at Government Communications 
Headquarters. Cheltenham. for telecommunications 
and electronic research in following fields: V.H.F. 
receiver design and microwave techniques ; propa- 
gation trials; applications of semi-conducting de- 
vices ; high speed electronic switching : data stor- 
age and handling: computer programming, and 
operational research. Candidates must normally 
be natural born British subjects of natural born 
British parents. First- or second-class honours 
degree in physics, mathematics or enginecring of 
equivalent, at least three years’ postgraduate ¢x- 
perience for Senior Scientific Officer. Salaries for 
men (provincial rates) Senior Scientific Officer. 
£1,130 to £1,330 ; Scientific Officer, £595 to £1,050 
(according to age and qualifications). Appoint- 
ments unestablished but opportunities to compete 
for established posts.—Forms from Ministry of 
Labour and National Service, Technical and Scien- 
tific Register (K), 26 King Street, London, S.W.!, 
quoting A147/8A. 
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UNIVERSITY OF CAPE TOWN 
SOUTH AFRICA 
LECTURER IN PSYCHOLOGY 

Applications are invited for a Lectureship in the 
Department of Psychology. Preference will be 
given to a candidate with previous experience of 
university lecturing in social psychology, individual 
differences and statistics, while familiarity with the 
clinical problems and methods of child psychology 
will be an advantage. Good facilities for research 
in experimental, clinical and educational psycho- 
logy are available in the Department, and the Uni- 
versity has its own Child Guidance Clinic under 
the direction of a senior member of the staff. The 
salary scale is £850 by £50 to £1,200 per annum. 
There is also a temporary cost of living allowance 
for a married man (at present £234 per annum). 

Applications (with copies of testimonials) should 
state age, qualifications, experience and research 
work completed or in progress and give the names 
of two referees whom the University may consult. 
Two copies of the application and testimonials 
should reach the Secretary, Association of Univer- 
sities of the British Commonwealth, 36 Gordon 
Square, London, W.C.1 (from whom memoranda 
giving the general conditions of appointment and 
further information about the work of the Depart- 
ment of Psychology should be obtained) not later 
than October 31, 1958. An additional copy should 
be sent direct by air mail to the Registrar, Uni- 
versity of Cape Town, Private Bag, Rondebosch, 
Cape Town, South Africa by the same date. The 
University reserves the right to appoint a person 
other than one of the applicants or to make no 
appointment. 


UNIVERSITY OF BRISTOL 
DEPARTMENT OF CIVIL ENGINEERING 
Appiications are invited for a Lectureship (Grade 

TIt or ID in the Department of Civil Engineering. 
Applicants should have a good honours degree and 
some relevant research or teaching experience, pre- 
ferably in the field of structures. Salaries will be 


UNIVERSITY OF READING 

Applications are invited for a senior appoint- 
ment as Ri Physicist in the Department of 
Physics. The work will involve electrical measure- 
ments applied to the study of surface contamina- 
tion processes on semi-conductors. Experience in 
the use of ultra-high vacuum systems or in the 
chemical physics of surfaces is desirable. Salary 
according to qualifications and experience. 

Further particulars may be obtained from the 
Professor of Physics, University of Reading, 
Physics Research Laboratories, Upper Redlands 
Road, Reading Berks, to whom applications should 
be submitted as soon as possible, and not later 
than October 24, 1958. 


UNIVERSITY OF SOUTHAMPTON 
VOKES RESEARCH SCHOLARSHIP 

Applications are invited for the Vokes Research 
Fellowship tenable in the Department of Mechani- 
cal Engineering. The Fellow will be expected to 
undertake research in the field of filtration, the 
separation of mixtures, or allied problems in fluid 
mechanics. Salary £900 per annum. Tenure two 
or three years. 

Further particulars from Secretary and Registrar, 
the University, Southampton, to whom applications 
_ — should be sent not later than October 


QUEEN MARY COLLEGE 
(UNIVERSITY OF LONDON) 
MILE END ROAD, E.1 
Applications are invited for TWO LEC- 
TURESHIPS IN ELECTRICAL ENGIN- 
EERING. Experience of applied electronics 
or of electrical plant and control systems is 
required. Good facilities are available for 


in accordance with the following scales: Assistant 
Lecturer (Grade IID, £700 to £850. Lecturer 
(Grade ID, £900 to £1,300 (bar) to £1,650. 

Applications, including the names of two persons 
to whom reference may be made, should be sent 
not later than October 13, 1958, to the Registrar, 
the University, Bristol 8, from whom further par- 
ticulars may be obtained. 


UNIVERSITY COLLEGE OF THE 
WEST INDIES 


Applications are invited for (a) Research Fellow 
or (b) Senior Research Fellow in the newly estab- 
lished Colonial Products Council Natural Products 
Research Unit in the Chemistry Department. 
Salary scales (under revision): (a) £900 by £50 to 
£1,200 by £50 to £1,600 per annum : (b) £1,300 by 
£50 to £1,900 per annum. Entry point determined 
by qualifications and experience. Child allowance. 
F.S.S.U. Accommodation allowance £250. Pas- 
sages for up to five persons on appointment and 
normal termination. Duties to be assumed as 
early as possible. 

Detailed applications (six copies), naming three 
referees, by November 10, 1958, to Secretary, 
Inter-University Council for Higher Education 
Overseas, 29 Woburn Square, London, W.C.1, 
from whom further particulars may be obtained. 


MINISTRY OF EDUCATION FOR 


NORTHERN IRELAND 
GRAMMAR SCHOOL JUNIOR AND SENIOR 
CERTIFICATE EXAMINATIONS 

EXAMINERS 

Applications are invited from persons with ap- 
Propriate qualifications and experience for appoint- 
ment to the panels of examiners for the various 
subjects of the above examinations which are held 
in June each year. 

Application forms and further information may 
be obtained from the Ministry of Education for 
— Ireland, Netherleigh, Massey Avenue, 

‘ast. 


UNIVERSITY COLLEGE OF SOUTH 


WALES AND MONMOUTHSHIRE 
DEPARTMENT OF BIOCHEMISTRY 
Applications are invited from biochemists or 
chemists for a postdoctoral Research Fellowship 
tenable for a period of three years and commenc- 
ing at any time between October 1 and January 1, 
1958-59. Salary will be in the region of £900 to 
£1,000 per annum. The appointee will be required 
to conduct investigations into the chemistry and 
biochemistry of carbohydrate sulphate esters. 
Applications, giving the names of two referees, 
should be forwarded as soon as possible, to the 
University College, Cathays _ Park, 


I research, including access to a 
materials laboratory and a digital computer. 
Salary scale £900 by £50 to £1,350 (efficiency 
bar): £1,425 by £75 to £1,650 plus London 
allowance of £60. Tenable immediately, 
initial salary according to qualifications and 
experience, with F.S.S.U. participation and 
family allowance of £50 per child. 


Application forms (obtainable from the 
Registrar) to be returned by October 13. 


COUNTY BOROUGH OF 
CROYDON EDUCATION 


COMMITTEE 
CROYDON TECHNICAL COLLEGE, 
FAIRFIELD, CROYDON 
H. Falkner, M.Sc.(Wales), 

Sc.(Lond.), A.Inst.P. 

Applications are invited for the post of Assist- 
ant, Grade B, in the Science Department, to com- 
mence duties in January, 1959, or earlier if pos- 
sible. Candidates should be qualified to teach 
Physics. Ability to teach Applied Physics would 
be an advantage. Salary in accordance with the 
Burnham Technical Scale (London Area). 

Further particulars and form of application may 
be obtained from the undersigned on receipt of a 
stamped addressed envelope, and completed forms 
should be returned to the Principal within 21 days 
of the appearance of this advertisement. 

R. WEARING KING, 
Chief Education Officer. 
Education Office, 
Katharine Street, Croydon. 


Principal: 
B. 


NORTHERN REGION OF NIGERIA 
SPECIALIST OFFICER (STATISTICIAN) 

To advise on design and supervise analysis and 
Presentation of results of experimental. work for 
all sections of Research Branch of Northern 
Region Department of Agriculture, and to take 
part in development of satisfactory experimental 
techniques in the field. Candidates must have a 
good honours degree, preferably in agriculture with 
at least two years’ suitable postgraduate training 
or experience in statistics. Appointment on perm- 
anent and pensionable terms with pensionable 
emoluments in range £876 to £1,680 or on con- 
tract/gratuity terms ir. scale £1,008 to £1,824 with 
gratuity of £37 10s. for each completed three 
months of satisfactory service. Free passages on 
appointment and leave for officer, wife and 
children up. to three adult passages in all. Outfit 
and Touring Equipment allowances payable on first 
appointment. Furnished quarters available at 
moderate rental. Generous leave. 

Apply, giving brief particulars, to Director of 
Recruitment, Colonial Office, London, S.W.1, 
quoting BCD. /63/408 /032. 

DEPARTMENT OF AGRICULTURE 
UGANDA 
TWO BOTANISTS 

Botanist required for duties concerned with 
selection and hybridization of food and cash crops 
for cultivation in the drier areas of Uganda. 
Candidates must have a good honours degree in 
botany with at least two years’ experience at a 
plant breeding station. Botanist (Land-Use) re- 
quired to assist in production of vegetation. soil, 
land-use, crop productivity and fertilizer maps and 
reports covering the whole Protectorate ; also to 
undertake studies of land use as required: Candi- 
dates must have a good honours degree in geo- 
graphy or natural science with experience in -eco- 
logical, soil and land-use problems. Appointment 
on probation to the permanent establishment with 
pensionable emoluments in scale £939 to £1,863 
per annum or on contract/gratuity terms if pre- 
ferred. Free passages on appointment and leave 
for officer, wife and children up to three adult sea 
passages or four air passages. Furnished quarters 
available at moderate rental. 

Apply, giving brief particulars, to Director of 
Recruitment, Colonial Office, London, S.W.1, 
quoting BCD.63 /9/02. 


WEST OF SCOTLAND 


AGRICULTURAL COLLEGE 

The Governors invite applications for an Assist- 
ant Lecturer in Zoology. Candidates should have 
a science degree with special qualifications and 
postgraduate experience in entomology or 
helminthology. The salary will, according to age, 
experience and qualifications, be on one or other 
of the following scales (male): Grade III, £835 
rising to £1,320 ; Grade IV, £595 (honours gradu- 
ates £615) rising to £825. 

Conditions of appointment and application 
forms are obtainable from the Secretary, 6 Blyths- 
wood Square. Glasgow, C.2, with whom applica- 
tions should be lodged not later than October 10, 
1958. 


KENT EDUCATION COMMITTEE 
MEDWAY COLLEGE OF TECHNOLOGY 
DEPARTMENT OF SCIENCE 
GRADE B ASSISTANT IN PHYSICS 

Applications are invited for the post of Grade B 
Assistant in Physics tc commence duties as soon 
as possible. Candidates should be graduates and 
be expected to teach Physics to General Certificate 
of Education Advanced Level. More advanced 
work may be open to suitable candidates. 

Application forms. and further particulars may 

btained from the Principal, Medway College 


ESSEX EDUCATION COMMITTEE 
SOUTH-EAST ESSEX TECHNICAL COLLEGE 
LONGBRIDGE ROAD, DAGENHAM 
Grade B Assistant Lecturers are required as soon 
as possible to teach (a) Physical Chemistry to B.Sc. 
and G.R.I.C. standard, and General Chemistry at 
Jower levels. Interest in physical methods of 
analysis and instrumentation would be an added 
recommendation. (b) Physics (2 posts). Candi- 
dates should have an honours degree in physics 
and an interest in some branch of applied physics. 
Teaching and industrial experience desirable. 
Salary: £650 by £25 to £1,025 with additions for 
degree (or equivalent), approved training and 
London allowance. Increments within the scale 
for previous teaching service, approved industrial 
experience and War/ National Service. mmenc- 

ing salary could be £1,000 per annum or more. 
and application forms (stamped 
from the Clerk to 


Is 
addressed foolscap envelope) 


the Governors at the College. 


of Technology, Horsted, Maidstone Road, 
Chatham, Kent. /s.a.c. 
MATHEMATICAL STATISTICIAN . RE- 


quired by N.C.B.’s Pneumoconiosis Field Research 
(a long term investigation into the incidence of 
pneumoconiosis among mineworkers) in London. 
Duties include the development of new statistical 
methods and their application to the analysis of 
data collected by investigators in the coal fields. 
Extensive use is made of punch cards and elec- 
tronic computing. A good honours degree in 
mathematics and preferably a qualification in statis- 
tics is required together with the ability to super- 
vise other scientific staff. Appointment (superan- 
nuable) according to qualifications and experience 
as either Scientist Grade 2 (£1,059 to £1,468 male, 
£1,011 to £1,398 female) or Scientist Grade 3 (£690 
to £1,202 male, £674 to £1,147 female).—Write, 
giving full particulars. to Staff Manager (X.1250), 
National Coal. Board, Hobart House, London, 
S.W.1, before October 6, 1958. ‘ 
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UNIVERSITY OF THE 


WITWATERSRAND 
JOHANNESBURG, SOUTH AFRICA 
DEPARTMENT OF PHYSICS—NU 
PHYSICS RESEARCH UNIT 
SENIOR RESEARCH FELLOWSHIPS AND 
RESEARCH ELECTRONICS ENGINEER 

Applications are invited for appointment to the 
following posts on the staff of the Nuclear Physics 
Research Unit: (i) Two Senior Research Fellows 
(salary scale £1,250 by £50 to £1,650). (ii) Research 
Electronics Engineer (salary scale to be either 
£850 by £50 to £1,200 or £650 by £50 to £800, 
according to qualifications and experience). The 
commencing salary in cach case will be determined 
according to the qualifications and experience of 
the successful candidates. In addition, a married 
man will receive cost of living allowance at such 
rate as may be authorized from time to time, the 
present rate being £234 per annum. Provident 
Fund and Staff Medical Aid Fund privileges are 
optional. Duties are to be assumed as soon as 
possible. 

Intending applicants should obtain the informa- 
tion sheet relating to the above vacancies from the 
Secretary, Association of Universities of the British 
Commonwealth, 36 Gordon Square, London, 
W.C.1. Applications close, in South Africa and 
London, on October 31, 1958. 


WEST AFRICAN COCOA 


RESEARCH INSTITUTE 
SENIOR PLANT BREEDER 

To carry out research on plant breeding prob- 
lems relating to cocoa and to plan and take charge 
of the work of the Plant Breeding Section of the 
Institute, serving initially at Tafo, Ghana. Candi- 
dates must have a good honours degree in botany 
with postgraduate experience in the technique of 
plant improvement. Appointment on contract/ 
gratuity terms with salary in scale £2,080 to £2,200 
or £2,350 to £2,650 per annum dependent upon 
experience. Gratuity at the rate of £12 10s. for 
each month of satisfactory service. Free return 
passages once each tour for officer, wife and up to 
three children under 18 years of age. ished 
quarters available at moderate rental. 

Apply, giving brief particulars, to Director of 
Recruitment, Colonial Office, London, S.W.1, 
quoting BCD.197 /200/024. 


NEWCASTLE REGIONAL 


HOSPITAL BOARD 

Applications are invited for the post of Assistant 
Physicist at the Regional Laboratories, Royal 
Victoria Infirmary, Newcastle upon Tyne. Duties 
relate primarily to the uses of high energy radia- 
tion for medical purposes and the equipment of 
the Centre comprises a 4 MeV linear accelerator, 
a 1,500 curie caesium unit and a 1,000 curie 
cobalt-60 unit (about to be installed), as well as 
apparatus for scintillation counting and radio- 
isotope studies generally. The physicist will be 
required to assist in basic problems relating to the 
treatment of patients and to share in work at 
other. hospitals in the area: there will be oppor- 
tunities, however, for research of a fundamental 
nature. Candidates (male or female) should have 
an honours degree in physics (first- or second- 
class) ; no previous hospital experience is required. 
Salary scale during probationary period £625 per 
annum rising by annual increments to £700 per 
annum and subsequently—£800 per annum rising 
by annual increments to £1,000 per annum. 

Applications, together with names and addresses 
of two referees, to the Secretary, Newcastle 
Regional Hospital Board, Benfield Road, New- 
castle upon Tyne, 6, as soon as possible. 


AMENDED ADVERTISEMENT 

UNIVERSITY OF BIRMINGHAM 
DEPARTMENT OF APPLIED BIOCHEMISTRY 

Applications are invited for the post of Lecturer 
in the above Department. The salary will be 
within the range £900 to £1,650 per annum. It is 
desirable that the candidate should have interests 
and experience in protein and/or enzyme bio- 
chemistry, and he will be required to undertake 
lectures in plant or fundamental biochemistry. 
The candidate will be expected to commence 
duties as soon as possible. 

Applications (two copies), with the names of 
three referees, should be sent before October 15, 
1958, to the Deputy Registrar, the University, 
Birmingham, 15, from whom further particulars 
may be obtained. 


UNIVERSITY OF CAPE TOWN 
SOUTH AFRICA 
LECTURER IN MECHANICAL 
ENGINEERING 

Applications are invited for the Lectureship in 
the Department of Mechanical Engineering. The 
Salary scale is £850 by £50 to £1,200 per annum. 
There is also a temporary cost of living allowance 
for a married man (at present £234 per annum). 

Applications (with copies of testimonials) should 
State age, qualifications, experience and research 
work completed or in progress and give the names 
of two referees whom the university may consult. 
Two copies of the application and testimonials 
should reach the Secretary, Association of Univer- 
sities of the British Commonwealth, 36 Gordon 
Square, London, W.C.1 (from whom memoranda 
giving the general conditions of appointment and 
further information about the work of the depart- 
ment of Mechanical Engineering should be ob- 
tained) not later than October 31, 1958. An addi- 
tional copy should be sent direct by airmail to the 
Registrar, University of Cape Town, Private Bag, 
Rondebosch, Cape Town, South Africa, by the 
same date. The University reserves the right to 
appoint a person other than one of the applicants 
or to make no appointment. 


ROTHAMSTED EXPERIMENTAL 
STATION 
HARPENDEN, HERTS 

An Engineer or Chemical Engineer is required to 
improve, design, and test equipment for extracting 
and processing leaf protein. Appointment for 3-5 
years under a Rockefeller Foundation grant. 
Salary up to £1,700 according to experience and 
qualifications. 

Applications to the Secretary. 


UNIVERSITY OF EXETER 
Laboratory Technician (male) required for new 
Department of Geology. Experienced in rock sec- 
tioning, etc., photography and general laboratory 
maintenance. Salary in accordance with the scale 
£420 to £570 per annum. 
Write at once, giving particulars of qualifications 
and experience, with names of two referees, to the 
ry, the University, Exeter. 


PHYSICIST REQUIRED BY THE ATOMIC 
Weapons Research Establishment, Aldermaston, 
Berks, with considerable experience in radiological 
protection work, to assist the Superintendent 
Health Physics. The post demands a high sense 
of responsibility and a genuine interest in a wide 
range of problems including shielding, travel, and 
deposition of particulates, adequacy of monitoring 
procedures, and the like. Candidates must have a 
first- or second-class honours degree in physics or 
a recognized equivalent qualification. Salary: 
£1,460 to £2,080 per annum. Contributory Super- 

ion scheme. A modern house with garage, 


UNIVERSITY OF ABERDEEN 

Applications are invited for a Lecturer in Physio- 
jogy. Salary scale £900 to £1,900, or, if not 
medically qualified, £900 to £1,650 ; placing accord- 
ing to qualifications and experience. F.S.S.U. and 
child allowance. 

Particulars from the Secretary, the University, 
Aberdeen, with whom applications (eight copies) 
should be lodged by October 31, 1958. Applicants 
outside the British Isies may submit one copy of 
application. 


APPLICATIONS INVITED FROM BIOCHEM- 
istry, chemistry or physiology graduates for ap- 
pointmert as Biochemist in the Pathological 
Laboratory, Dulwich Hospital, East Dulwich 
Grove, London, S.E.22. Salary (after initial pro- 
bationary period of two years) £800 by £35 (5) by 
£25 (1) to £1,000 plus London weighting of £20 to 
£40 a year.—Applications, giving age and details 
of qualifications with names of two referees, to 
Group “earn Camberwell H.M.C. Dulwich 
Hospital. 


or assistance towards legal expenses on house 
purchase, will become available for married officers 
living beyond daily travelling distance.—Postcards 
for application forms to the Senior Recruitment 
Officer at above address. Please quote Ref. 
2012/34. 


LECTURER AND DEMONSTRATORS RE- 
quired in Metallurgy or the Materials Sciences, to 
teach at postgraduate level in specialized fields. 
There is a particular requirement for specialists in 
non-metallic materials or in metal technology, but 
other branches are relevant. Good facilities exist 
for research and publication is encouraged. De- 
monstrators must be academically qualified and 
will, if suitable, be considered for subsequent pro- 
motion to Lecturer. A housing scheme is in oper- 
ation at the College. Salary within scales: Lec- 
turer, £900 by £50 to £1,350 by £75 to £1,650; 
Demonstrator, £650 by £25 to £1,000; with 
F.S.S.U. and family allowances.—Applications, in- 
cluding names of three referees, to Recorder, 
College of Aeronautics, Cranfield, Bletchley, 
Bucks. Further particulars available. 


PANJAB UNIVERSITY 
Applications are invited f Posts of 
in Physics in the grade of Rs.500 


Applications, stating age, academic qualifica- 
tions, present position, pay, teaching and research 
experience, names of two referees, with copies of 
research publications and attested copies of recent 
testimonials and university certificates of the ex- 
aminations passed should reach Shri J. R. Agni- 
hotri, Registrar, Panjab University, Chandigarh-3, 
India, by October 15, 1958. 


UNIVERSITY OF DURHAM 

Applications are invited for the Chair of 
Electrical Engineering tenable at King’s College, 
Newcastle upon Tyne, which will become vacant 
on the retirement of Professog J. C. Prescott, 
Initial salary not less than £2, per annum with 
F.S.S.U. and family allowances. 

Applications (12 copies), containing the names 
of three referees, should be lodged with the under- 
signed, from whom further particulars may be 
obtained, not later than November 15, 1958, 
(Applicants from outside the British Isles may send 


one copy only.) 
E. M. BETTENSON, 
Registrar. 


University Office, 
46 North Bailey, Durham. 


BOURNEMOUTH EDUCATION 


COMMITTEE 
BOURNEMOUTH MUNICIPAL COLLEGE OF 
TECHNOLOGY AND COMMERCE 
DEPARTMENT OF SCIENCE 

Required for January 1, 1959, Assistant, Grade 
B, to teach Mathematics. Applicants should be 
honours graduates in mathematics and must be 
capable of teaching Pure or Applied Mathematics 
to the level of Part II of the London B.Sc.(Gen.) 
degree (New Regulations). Salary according to 
the Burnham Technical Scale, 1956, viz., £650 by 
£25 to £1,025, with additions for training, qualifi- 
cations and experience. 

Further particulars and application forms obtain- 
able from W. R. Smedley, Chief Education 
Officer, Town Hall, Bournemouth. 


COLONIAL OFFICE, TROPICAL PRODUCTS 
Institute, London, W.C.1, requires Senior Scien- 
tific Officer for Development Division (Physics and 
Engineering Section) to join team responsible for 
development and trial (home or overseas) of new 
equipment and processes for use with plant, 
animal, and other renewable tropical resources. 
Qualifications: first- or second-class honours de- 
gree in physics or equivalent with at least three 
years’ postgraduate experience and general interest 
in applied physics. Salary scale (London, men): 
£1,190 to £1,410. Initial appointment unestab- 
lished, under F.S.S.U.; later opportunities of 
established (pensionable) appointment through 
Civil Service Commission Open Competitions, if 
eligible (age limits broadly 26-31).—Forms 
Ministry of Labour and National Service, T 
cal and Scientific Register (K), 26 King Street, 
London, S.W.1 (quote A.351/8A). Closing date 
October 18. 


LABORATORY TECHNICIAN (MALE OR 
female) required by Tanganyika Government Pesti- 
cides Research Unit for laboratory and field work 
on tropical pest control, on contract for one tour 
of 30-36 months in first instance. Salary 
(including inducement pay) £846 rising to £1,566 a 
year. Commencing salary according to ex 
Gratuity at rate 134 per cent of total salary drawn. 
Outfit allowance £45 usually payable. Free pat 
sages. Liberal leave on full salary. Candidates, 
not over 35, must have G.C.E. (‘* A”’ level) of 
equivalents in chemistry and have wide ex 
in laboratory work, particularly chemical 
Female candidates must be single.—Write to the 
Crown Agents, 4 Millbank, London, S.W.1. State 
age, name in block letters, full qualifications, and 
experience and quote M3C/44773/NF. 


UNIVERSITY OF LONDON.—THE SENATE 
invite applications for the Chair of Solid State 
Physics tenable at the Imperial College of Science 
and Technology (salary not less than £2,300 a year 
plus £100 London allowance).—Applications (tea 
copies) must be received not later than of 
27, 1958, by the Academic Registrar, University 
Lendon, Senate House, W.C.1, from whom further 
particulars may be obtained. 


4 
Pius allowances as admissible under the 
pe University rules and with benefit of Provident 
aaa Fund on confirmation. The applicants must have 
ee Sn a bright academic record and should have done 
rec good research work in some field of physics. They 
ou should have some experience of postgraduate 
gate teaching and should be able to guide the work of | 
research students. 
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UNIVERSITY OF NATAL 
SOUTH AFRICA 
LECTURER IN GEOGRAPHY AND 
GEOLOGY 

Applications are invited from suitably qualified 
persons for appointment to the above-mentioned 
vacancy on the permanent establishment of the 
University. The salary scale attached to the post 
is: £800 by £50 to £1,200 per annum. In addition, 
a temporary cost of living allowance of £234 per 
annum is paid to married men only. The com- 
mencing notch on the scale will be dependent on 
the qualifications and/or experience of the success- 
ful applicant. 

Application forms and further particulars, in- 
cluding commencing date, etc., are obtainable from 
the Secretary, Association of Universities of the 
British Commonwealth, 36 Gordon Square, 
London, W.C.1. Applications close in South 
Africa and London on October 31, 1958, 


COUNTY BOROUGH OF READING 
READING TECHNICAL COLLEGE 
KING’S ROAD, READING 

Applications are invited for two Grade B Teach- 
ing posts in the Department of Science for work 
in O.N.C. Chemistry, Applied Physics and in 
G.C.E. courses. One post will be mainly for 
Chemistry and the other mainly for physics. The 
appointments will date from January 1, 1959. 
Burnham scale salaries, starting points according 
to qualifications, experience, etc. 

Application forms and further particulars are 
obtainable from the Principal, to whom completed 
applications should be returned. 


UNIVERSITY COLLEGE OF 
NORTH STAFFORDSHIRE 


Applications are invited for the post of Demon- 
strator (primarily zoological) in Department of 
Biology, the appointment to be taken up on Janu- 
ary 1, 1959. Remuneration £550 per annum. 

Applications should reach the Registrar, The 
College, Keele, Staffs, from whom further par- 
ticulars and application forms may be obtained, 
not later than October 14, 1958. 


UNIVERSITY OF CAMBRIDGE 

Applications are invited for an Assistant Direc- 
tor of Research in general surface chemistry and 
—— Applications will close on October 

Details of duties, salary, etc., may be obtained 
from Dr. F. B. Kipping, University Chemical 
Laboratory, Lensfield Road, Cambridge. 


UNIVERSITY OF BIRMINGHAM 
DEPARTMENT OF CHEMISTRY 

Applications are invited for a National Coal 
Board Postdoctoral Fellowship in Physical 
Chemistry. The research work to be undertaken 
is connected with the study of solids by a number 
of techniques such as mass spectroscopy. The 
salary will be £700 to £800 per annum according 
to age and experience. 

Applications (two copies) should be sent - 
later than October 31, 1958, to the ee 
University, Edgbaston, Birmingham, 1 5. 


UNIVERSITY OF MANCHESTER 

Applications are invited for the post of Senior 
Lecturer or Lecturer in Botany. Salary scales per 
annum: Senior rer, £1,700 to £2,050; Lec- 
turer, £900 to £1,650; initial salary and status 
according to qualifications and experience. Mem- 
bership of F.S.S.U. and Children’s allowance 
scheme. Candidates should have special qualifi- 
cations in plant physiology, and preference will 
be given to persons with interests and research ex- 
perience in biochemistry. 

Applications should be sent not later than 
September 30, 1958, to the Registrar, the Univer- 
sity, Manchester, 13, from whom further particu- 
lars and forms of application may be obtained. 


NATIONAL INSTITUTE FOR 


RESEARCH IN DAIRYING 

. UNIVERSITY OF READING 

Biochemist with knowledge of bacteriology re- 
quired in Bacteriology Department for research on 
the genus Lactobacillus and similar organisms. 
Appointment a Scientific Officer grade (£595 
to £1,050); F.S.S.U. 

Applications, naming two referees, to Secreta’ 
N.LR.D., Shinfield, Reading. Quote ref. 58/26. 


COUNTY HOSPITAL, LINCOLN—MEDICAL 


Laboratory Technician or Junior Technician taking 
haematology in final, required in Area Laboratory. 
Whitley Council salary and conditions of service. 
—Please apply, in writing, to the Secretary. 


CENTRAL ELECTRICITY 


GENERATING BOARD 
STATION REACTOR PHYSICISTS 

Applications are invited for appointments as 
Station Reactor Physicists at Berkeley, Bradwell, 
and Hinkley Point nuclear power stations: The 
successful applicants will be responsible to the 
appropriate Station Superintendent for the techni- 
cal efficiency and safety of the reactor. They will 
also be responsible for nuclear physics, measure- 
ments on the reactor and advising the Station 
Superintendent on any action required. Applicants 
should possess a good honours degree in physics 
or mathematics and should have at least two years’ 
experience in a responsible position either in In- 
dustry, University or a similar organization. Ex- 
perience in the operation of nuclear reactors is 
not essential as adequate training will be given to 
the successful candidates before taking up their 
appointments. The salaries for the appointments 
will be within the range £1,685 to £1,790 per 
annum. 

Applications, stating the candidates’s preference, 
for a particular power station, age, qualifications, 
experience, present position and salary, 
forwarded to I. G. Ellis, Personnel Officer, Central 
Electricity Generating Board, 24-30 Holborn, 
London, E.C.1, so as to arrive not later than 
October 13. Envelopes should be marked ‘‘ Confi- 
dential ’”’ Ref. No. N/276. 


TRANSVAAL AND ORANGE 
FREE STATE CHAMBER OF 
MINES RESEARCH 
LABORATORIES 


Applications are invited for the a sgl 
ment of an Inorganic/Physical 
the staff of the Chamber of Mines Resezcelt 
Laboratories, Richmond, Johannesburg. 
Applicants should hold a M.Sc. degree as a 
minimum qualification, preferably with two 
or three years’ ¢: lence in research work 
after graduation and should be between 25 
and 35 years of age. Commencing 
commensurate with qualifications and experi- 
ence. Conditions of employment include 
membership of medical and pension funds 
with generous leave privileges. 

Applications, stating age, ions 
and previous experience should be addressed 
to: 

The General Manager, 

Transvaal and Orange Free State Chamber 


SCOTTISH HORTICULTURAL 
RESEARCH INSTITUTE 


Applications are invited for two posts graded as 
either Scientific Officer or Senior Scientific Officer: 
(1) Soil Microbiologist (Mycologist) for work on 
isolation and identification of possible vectors of 
soil-borne viruses. (2) Virologist/Entomologist for 
work on problems of virus transmission. Salary 
scales, Scientific Officer £595 to £1,050, with plac- 
ing. Senior Scientific Officer £1,130 to £1,330. 
Superannuation under F.S.S.U. Candidates should 
have a good honours degree in appropriate 
subjects. 

Applications, giving age, full details of educa- 
tion, qualifications, experience and naming three 
referees will be considered from home candidates, 
and overseas candidates due to return to this 
country in the reasonably near future, and should 
reach the Secretary, Mylnefield, Invergowrie, by 
Dundee, not later than November 1, There are no 
application forms. 


THE FRANKLIN INSTITUTE HAS SEVERAL 


openings available in pure and applied research 
for physicists, physical chemists and metallurgists 
in the fields of magnetics ; (especially ferromagnet- 
ism, NMR, EPR, R) ; semi-conductors (semi- 
conductor compounds, transport properties, 
thermoelectricity, photoconductivity, materials 
preparation); low temperature physics (supercon- 
ductivity) and metallurgy (deformation, disloca- 
tions, diffusion). Openings exist both on the ex- 
change visitors programme and for permanent staff 
appointments at the post doctoral or honours B.Sc, 
level. Send résumé to Mr. John E. Christ, Direc- 
tor of Personnel, the Franklin Institute, 20th and 
Parkway, Philadelphia 3, Pa., U.S.A., giving a full 
account of experience, qualifications and copies of 
any publications. 


UGANDA 
FOREST UTILIZATION OFFICER 

To take charge of the Utilization Section which 
undertakes research into harvesting conversion and 
potential uses of local timbers. Candidates must 
have a good practical knowledge of timber harvest- 
ing, utilization and mechanical engineering ; a bent 
for research and administrative ability. A know- 
ledge of forestry, an engineering or scientific quali- 
fication and commercial experience of logging 
and/or milling are additional desirable qualifica- 
tions. Appointment on probation to the perman- 
ent establishment with pensionable emoluments in 
scale £939 to £1,863 per annum. Free passages on 
appointment and leave for officer, wife and 
children up to a maximum of three sea passages 
or four air passages. Government quarters norm- 
ally available at moderate rental. 

Apply. giving brief particulars, to Director of 
Recruitment, Colonial Office, London, S.W.1, 
quoting BCD.61/9/07. 


COLOMBO PLAN 
GEOPHYSICIST—BURMA 
Applications are invited by the Foreign Office 
for an appointment as Geophysicist in Burma 
under the Technical Co-operation Scheme of the 
Colombo Plan. Will be required to check the 
interpreted results of the airborne survey, now 
completed, at Victoria Point and, subsequently to 
carry out similar follow-up work in other areas 
after other surveys have been completed. Must 
be a qualified geophysicist and field experience in 
tropical countries is essential. Duration two years. 

Contract with the U.K. Government. 

£1,750 per annum (subject to U.K. tax) plus tax- 
free oversea allowance of £1,360 per annum 
(married) or £800 per annum (single) plus other 
— Free furnished accommodation pro- 
vi 

For further information and application forms 
write Ministry of Labour and National Service 
.9), 26-28 King Street, London, S.W.1, quoting 
E9/TCS/275/BUR. 


UNIVERSITY OF BIRMINGHAM 
DEPARTMENT OF GEOLOGY (SUB-DEPT. OF 
GEOPHYSICS) 


Research Assistant in es 
for work on the magnetic properties of rocks, 
duties to include collection of material in Ree field, 
laboratory measurements and 
apparatus. A suitably qualified man 
given the opportunity of doing individual iene 
Applicants must have a degree in physics or a 
degree in geology and a good knowledge of 
physics. The post does not carry exemption from 
military service. The appointment will be for one 
year in the first instance and may be renewed for 
a further two years. £650 per annum. 

Applications (two copies) should be sent to the 
Registrar, the University, Birmingham, 15, as soon 
as possible. 


SIR JOHN CASS COLLEGE 
JEWRY STREET, LONDON, E.C.3 
The Governors invite applications for the post 
of Senior Lecturer in the Department of Mathe- 
matics. Candidates —_ possess high academic 
qualifications. Salary £ 386 1 by £50 to £1,598. 
Details and forms of gore which 
be returned as soon as possible, may be obtained 
from the Secretary. 


APPLICATIONS ARE INVITED FOR TWO 
Posts" which will _ Shortly fall vacant <4 a team 
y and-b thesis of bacterial 
proteases. Candidates should have had some ex- 
perience, preferably in fields associated with 
enzymology or protein chemistry. Salary will be 
according to experience, up to £1,000 per annum 
with F.S.S.U. benefits.—Applications to Dr. G. L. 
Mills, Courtauld Institute of Biochemistry, Middle- 
sex Hospital, W.1. 


LABORATORY TECHNICIAN REQUIRED 
in the Department of Zoology, University of 
Leeds. Experience in histological technique essen- 
tial, and good knowledge of laboratory work 
required. Salary on scale of Technician Grade 
according to age, qualification and experience. 
—Apply in writing to Head S Department of 
Zoology, The University, Leeds 2. 


AERONAUTICAL ENGINEERS: APPLICA- 
tions for faculty appointments for July 1, ae are 
now being considered; men interested ( 
material properties and stress 
dynamics, vibrations and design, (3) fluid mech- 
anics and thermodynamics, should write to the 
Director, School of Engineering, Carleton Univer- 
sity, Ottawa, Canada. 
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MEDICAL LABORATORY TECHNICIAN. 
Qualified A.I.M.L.T., science degree or equivalent. 
Whitley conditions.—Apply, in writing, Adminis- 
trative Officer, North London Blood Transfusion 
Centre, Deansbrook Road, Edgware. Middlesex. 


APPOINTMENTS VACANT 


HEAD OF TRANSISTOR AND 
DIODE DEVELOPMENT 
LABORATORY 


The Olivetti company of Italy has estab- 
lished, in Milan, a subsidiary for the produc- 
tion of silicon and germanium transistors and 
diodes and is now looking for the “ right 
person’ to head the development labora- 
tory which is already in existence. 

If you are interested in working with this 
group, and are willing to move to Italy, 
please write, giving the fullest possible in- 
formation, to: 

Ing. C. Olivetti & C. S.p.A., 
(Project T.D.L.), 
Ivrea, 

Italy. 

The successful applicant would be expected 
to bring to this new firm fairly well-defined 
ideas on the development of transistor 
manufacture in Europe. He would be ex- 
pected to contribute to the policy formation 
in the firm. Applicants should be between 
35 and 45 and have spent not less than five 
years in transistor development ; have the 
degree M.Sc.(Physics); and be willing to 
learn Italian. 

Salary will be commensurate with ability 
and experience, and the expenses of moving 
to Italy will be met by the firm. 

Applications must be submitted not later 
than twenty days from the appearance of 
this advertisement. All applications will be 
acknowledged. Interviews will be in 
London. 


THE METAL BOX COMPANY 
OF INDIA LIMITED 


requires a 


SENIOR PLASTICS 
TECHNOLOGIST 


to take charge of the technical aspects of 

manufacturing plastic and fiexible packaging 

ucts. Commensurate salary and allow- 
ances will be paid. 


Operations, based mostly at Calcutta, will in- 
volve Injection Moulding, Extrusion, Bottle 
Blowing and Lamination. 


Applicants must have considerable scientific 

or technological competence in at least one 

relevant field, but the appointment in India 

will not be operative for some months, 

during which time necessary training will be 

provided at Research Department and fac- 
tories in England. 


Responsibilities in India will include : 
(a) Assessment and evaluation of raw 
materials available in India. 
(b) Assi to liers in develop of 
suitable raw materials. ; 
(c) Technical supervision of all production. 
(d) A leading role in building a large plastic 
container and flexible packaging output. 
Write to Staff Division, 
THE METAL BOX COMPANY jLTD., 
37 Baker Street, London, ,W.|I, 
quoting reference ICX/1. 


RESEARCH PHYSICIST 

Cortaulds Limited has an interesting vacancy for 
a Physicist in one of its Coventry Research Labora- 
tories. Initially, the work will be concerned with 
the physical and mechanica! properties of industrial 
man-made fibres, but this will lead to more varied 
problems offering wide scope to a versatile man. 
Qualifications required; first- or second-class 
honours degree or Graduate of Institute of 
Physics. Age under 28. Two or three years’ 
industrial or research experience an advantage 
Candidates should write for a detailed form of 
application to the Director of Personnel, 
Courtaulds Limited, 16 St. Martins-le-Grand, 
London, E.C.1, quoting reference number D.88. 


A MALE GRADUATE IN CHEMISTRY IS 
required in the Research Organization’ of Cooper 
McDougall and Robertson Ltd. The work is con- 
cerned with the development of new products, par- 
ticularly formulation and the new techniques in- 
volved in connection with modern insecticides. 
Some experience desirable but not essential.—For 
form of application apply The Director, Cooper 
Technical Bureau, Berkhamstead, Herts. 


IMPERIAL CHKREMICAL INDUSTRIES 
Limited, Plastics Division, has vacancies for 
Abstractors /Searchers on the staff of the Techno- 
Commercial Department at Welwyn Garden City. 
These appointments arc open to men and women, 
and the desirable qualification is a degree in 
natural science including chemistry as an honours 
or general subject. A sound knowledge of Italian 
and German would be valuable. The work com- 
prises abstracting, indexing and searching in gen- 
eral and specialized fields, of industrial chemistry. 
Five-day, 39-hour week. Pension and profit shar- 


ff Manager, pe: 
Limbed, Plastics Division, Black Fan Road, 
Welwyn Garden City, Hertfordshire. 


RESEARCH CHEMIST (MALE) REQUIRED 
for Organic Department to work on the synthesis 
of potential, pharmaceuticals. Applicants should 
possess #n honours degree in chemistry, or its 
equivalen’, and previous research experience either 
academic or industrial would be an advantage, but 
is not essential. A reasonable salary will be paid 
and bonus and non-contributory pension schemes 
are in operation. Please apply to the Head of 
Chemi Beecham Research Labora- 
tories Ltd., Brockham Park, Betchworth, Surrey. 


IMPERIAL CHEMICAL INDUSTRIES 
Limited would be pleased to hear from persons 
having good linguistic and technical knowledge 
who would be willing to translate technical papers 
from Japanese into English as and when required. 
—Letters to Staff Officer (Women), Imperial 
Chemical Industries Limited, Imperial Chemical 
House, Millbank, London, S.W.1. 


ASSISTANT SHIFT CHEMISTS REQUIRED 
for a new plant in south Northants. The opera- 
tion is in a pilot plant stage and there are excellent 
prospects for advancement.—Box 723, T. G. Scott 
and Son, Ltd., 1 Clement’s Inn, London, W.C.2. 


ENTOMOLOGIST 


IMPERIAL CHEMICAL INDUSTRIES 
OF AUSTRALIA AND NEW ZEALAND 
LIMITED 

A vacancy exists for an Assistant Entom- 
ologist (male) at the Company's “ Merrin- 
dale Biological Research Laboratories, 
situated near Melbourne, Victoria. 

A degree in entomology, or possibly an 
alternative degree with a sound training in 
entomology, is essential. It is desirable that 
applicants should have had some experience 
in economic entomology, but a recent gradu- 
ate would be considered. The successful ap- 
plicant would be required to carry out 
laboratory research at ‘* Merrindale,”’ and to 
conduct field experiments in the various 
States of Australia from time to time as re- 
quired. 

Salary will vary according to qualification 
and the appointment is pensionable. 

Written applications should be addressed 


PERSONNEL DEPARTMENT, 
ICIANZ, 
P.O. BOX 1911, G.P.P., MELBOURNE, 
AUSTRALIA 
United Kingdom applicants should submit 
applications , or obtain further de- 
tails from: 
AUSTRALASIAN DEPARTMENT, 
LC.I. Limited, 
Millbank, 
London, S.W.1. 


THE SHELL GROUP 
OF COMPANIES 


invites applications from a 


MICROPALAEONTOLOGIST 


with a higher degree or with research 
experience for immediate service and for 
overseas assignment from 1959 on a career 
basis. Maximum age approximately thirty 
years. Starting salary in line with experience. 
Attractive pension scheme. 

Please write giving full details to :— 


Staff Dept. (R)., 
THE SHELL PETROLEUM 
COMPANY LIMITED 


16 Finsbury Circus, 
London, E.C.2. 


PHYSICAL CHEMISTS 
The British Rayon Research Association has two 

vacancies for Physical Chemists (1) to work on the 
mechanism of enzyme action in systems related to 
cellulose. (Ref. C.1.) (2) to work on the mechan- 
of high solutions, with 

icular reference to fibre forming 1: 
(Ref. C.3.) Candidates should preferably ‘be of 
Ph.D. standard. Salary up to £1,100, with super- 
annuation under F.S.S.U. Some help may be 

Pply to the Secretary, British Rayo 
shawe, Manchester 22, quoting priate 


FOOD SCIENTIST 

‘ood Scientist is required to establish 
a Control Laboratory in the south of Ireland 
for the bacteriological and chemical examina- 
tion of pre-cooked frozen meals. The appoint- 
ment will also carry managerial responsibilities 
in connection with the quick freezing plant. An 
honours degree or its equivalent is the minimum 
qualification and the applicant should preferably 
be between the ages of 25 and 30 years with some 
experience in the food or allied industries. The 
Post is one of unusual interest and offers prospects 
of increasing responsibility to a man capable of 
guiding constructive development. The salary will 
be commensurate with qualification and experience. 

Applications, which will be treated in confidence, 
should be addressed to Box No. 725, T. G. Scott 
and Son, Ltd., 1 Clement’s Inn, London, W.C.2. 


PHYSICIST OR PHYSICAL CHEMIST RE- 
quired to carry out research on the parameters 
which determine the mechanical properties of 
textile fabrics. The work is part of a systematic 
study of fabric construction and finishing treat- 
ments in relation to the wearing and laundering 
properties of viscose rayon garment fabrics. Salary 
initially in the range £650 to £1,100, plus F.S.S.U. 
Assistance may be given with accommodation.— 
Apply to the Secretary, British Rayon Research 
Association, Heald Green Laboratories, Wythen- 
shawe, Manchester, 22, quoting ref. T.3. 


ELECTRIC CONTROL GEAR 
DESIGNER 


We have been invited to assist in the selec- 
tion of a candidate to fill this important post 
which occurs in a well-known Midland Com- 
Pany engaged in the manufacture of Con- 
tactor and Control Equipment. 

This post is that of Chief Engineer of the 
Development Department. Candidates 
should be well qualified, and have extensive 
experience of contactors and relays on indus- 
trial voltages. 

The post is permanent and carries a very 
substantial salary. 

Write, in confidence, giving full details of 
qualifications, experience, and present salary, 
to: 

H. JACKSON & PARTNERS, 
109 Colmore Row, Birmingham 3. 
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have been retained 
~ BRITISH-AMERICAN TOBACCO COMPANY, LIMITED MSL 
appointment 0! a 
RESEARCH & DEVELOPMENT ESTABLISHMENT (Southampton) 
DIRECTOR 
ORGANIC AND PHYSICAL CHEMISTS OF RESEARCH 
for a 
required with a good Honours Degree and up to five years’ research experi- 
ence (preferably in natural products), for work on problems connected with BRITISH 
the composition of tobacco leaf, and of smoke, its formation and relation to ‘ 
taste and flavour, fundamental studies of filtration and other basic problems. PHARMACEUTICAL 
A steady expansion of the Establishment is planned over the next few years COMP ANY 
and recruits should be capable of controlling the work of subordinates and 
have good breadth of vision. Conditions such as salary, superannuation, 
etc., will be first-class for the right man. re medical and veterinary 
speciality products. 
Apply Personnel Department (No. 5), British-American Tobacco Co., Ltd., 
Westminster House, 7 Millbank, London, S.W.1. This is a new appointment and the 
Director of Research will be responsible 
for drawing up and implementing a 
of 
‘AL and development. is staff of over 
hich labo; iliti 
SPECTROSCOPI ST Limited in its Research and Development Depart- be for 
sorption spectrophotometric techniques to concerned wi e gn oO} lemical plants, the 
_ routine production and research problems in operation of pilot plants, and the development of pmconong 4¢ in must na ‘th higher 
the pharmaceutical field required by new chemical processes. Applicants must not be sag quel Crane emistry, 
older than 27 and must possess at least the equiva- biochemistry, pharmacology or medicine, 
wo SMITH KLINE & FRENCH Bo q and must have conducted and directed 
lent of a good second-class honours degree. 
he LABORATORIES LIMITED Candidates should write for a detailed form original research. Experience in the 
The fe dot move ‘new of application t0 the Director, of Personnel, pharmaceutical industry is not necessary. 
remises in Welwyn Garden City during the urtaulds t. Martins-le-Gran 4 
‘Autumn of 1959 and the ‘person appointed London, E.C.1, quoting reference number D.89. 
of must be prepared to reside in this area. ORGANIC CHEMIST. THE “PYRETHRUM higher salary will be commidesed for a 
ore Under certain circumstances rented accom- Board of Kenya require an organic chemist for man with exceptional qualifications and 
be modation may be made available. their laboratories at Nakuru. It would be pre- experience. 
The position provides an opportunity for ferred to appoint a man with a good honours 
ch the carrying out of original work leading to degree, and M.Sc. or Ph.D. or equivalent, age Please send brief details of qualifications, 
n- publications etc 25 to 35, who has had several years’ experience experience and publications, in 
ite Non-contributory pension scheme. Con- of synthetic organic chemistry. A knowledge of confidence, quoting reference U.1240, 
genial conditions during a five-day week. emulsifying and wetting agents and some ex- to R. A. Denerley. 
(6 Salary in accordance with qualifications and perience in the formulation of insecticides or 
q ut is not essential. ve year contra ally ; 
f fom lees ee ee giving three weeks’ annual local leave and two months 17, Stratton Street, London, W.1 
Kline ach Laboratories 158 overseas study leave after 24 years’ service, and 
La SE5 two months overseas terminal leave on comple- 
tion of contract. Nakuru is in the White High- 
lands at an altitude of 6,500 feet, and the climate RESEARCH PHYSICIST 


ANALYST REQUIRED TO TAKE CHARGE 
of general laboratory attached to Nutrition Re- 
search Unit. Candidates must be Graduates or 
Associates of the Royal Institute of Chemistry and 
should be familiar with modern analytical tech- 
niques. Experience in the animal feeding stuffs 
industry desirable though not essential.—Apply to 
J. Bibby and Sons Ltd., Nutrition Research and 
Advisory Department, Weatherstones, Neston, 
Wirral, Cheshire. 


RESEARCH CHEMIST WANTED, HONOURS 
degree standard, research degree an advantage, for 
new laboratories serving large group of companies 
interested in buidding materials. Problems involve 
an interest in one of the following: inorganic 
reaction kinetics, adhesion, paper, plastics.—Apply 
to Controller of Research, the British Plaster 
Board (Holdings) Ltd., Research and Development 


is pleasant and temperate. Return air fare paid 
up to three adults’ passages. Initial salary £1,250 
to £1,500 according to experience, with £50 annual 
increments, together with superannuation or 
provident fund contributions. Hard furnished 
house or flat available at a rental of not more 
than 15 per cent of salary.—Send full details to 
African Pyrethrum Technical Information Centre 
Ltd., 4 Grafton Street, London, W.1. 


X-RAY CRYSTALLOGRAPHER REQUIRED 
for the Shepherd’s Bush research laboratories of 
British Insulated Callender’s Cables Limited for 
investigations into metallic corrosion problems, 
alloy structures, ferro-electric and ferro-magnetic 
materials. Candidates should be graduates and 
some previous research experience is desirable. 
Pension Fund. Five-day week.—Applications, giv- 
ing details of age, qualifications and experience, 
should be made in the first instance to Personnel 


Joseph Lucas (Electrical) Limited require a Re- 
search Physicist to work in the Company’s Labora- 
tory at Marston Green. The post will carry the 
rank of Research Officer, and an honours degree 
in physics is required with either a higher degree 
or some experience of research. The post is 
permanent and pensionable, Salary according to 
qualifications and experience. 

Apply, in writing, giving full details, to the 
Personnel Manager, Joseph Lucas (Electrical) 
Limited, Great King Street, Birmingham 19, quot- 
ing reference PM/D/222. 


YOUNG GRADUATE CHEMIST, WITH 
few years’ postgraduate industrial or research ex- 
perience, required for newly formed Research De- 
partment. Some experience in textiles and dye- 
stuffs desirable, but drive, initiative and organizing 
ability essential. —Apply to Director of Research, 


Department, East Leake, near Loughborough, | Officer, B.I.C.C. Ltd., 38 Wood Lane, London, | English Velvets Limited, Ordsall_ Dyeworks, 
Leics. W.12. Salford 5, Lancs. : 
a RTZ GL MICHROME STAINS, ETC. 
A S Microscopy & | Biology 
Q S 62 page catalogue uest 
Cedarwood O s Green, 
TRANSPARENT Gellodin Lacmot Wright, Stain, 
Quality. Service. Reliability. Immediate Delivery. 
TUBING, ROD AND APPARATUS TO EDWARD GURR LTD 
SPECIFICATION 42 Upper Richmond Road West, London, S.W.14, England 
Telegrams {Micromlabs, Put, London. Telephones: PROspect 8051 & 7606 
WeE ALSO MANUFACTURE: 


Boats, Crucibles, Ground Joints, Ball Joints, 
Wool, Stopcocks, Distilling Apparatus and 


all other Standard Laboratory items = 


HARRINGTON BROS. LTD. 


Clerkenwell S07 (2 lines) 


rams: 
London” 


ly rganic Chemicals 
RATO ORIES ‘Res. ents, Indicators 
Volumetric Solutions, Stains “other Materials for 


from KAREL HACKL 
463 HARROW ROAD, 
LONDON, W.10 


Telephones: 
LADBROKE 6496-7 
LADBROKE 7254 
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THE DISTILLERS COMPANY LIMITED 


INFORMATION SECTION 
ASSISTANT 


The Company has a vacancy for a female 
assistant in uhe Information Section of its 
Research and Development Department, 
Epsom, Surrey. Although based at Epsom, 
the successful candidate will work mainly in 
London with the Search Team of the In- 
formation Section. 

Candidates, aged not over 40, must hold a 
degree in Chemistry or a related science, or 
an equivalent qualification. They must also 
have a fluent knowledge of German and/or 
Russian, and the ability to write clear and 
concise English. The duties of the post are 
to carry out searches for information in 
scientific, technical, and patent literature, to 
prepare abstracts, and to report thereon. 
Previous experience of this type of work 
would be desirable, but is not essential. 

Salary according to qualifications and ex- 
perience. Non-contributory pension scheme. 

Write: 
STAFF MANAGER, 
THE COMPANY LIMITED, 


Quote Ref. 63/38. N. 


A GRADUATE CHEMIST OR BIOCHEMIST 
is required for research on proteins in animal feeds 
and protein nutrition of farm animals. Candidates 
should have experience in this field and preferably 
be between 25 and 35 years of age. Salary in 
accordance with age and experience.—Apply to J. 
Bibby and Sons Lid., Nutrition Research and 
Advisory Department, Weatherstones, Neston, 
Wirral, Cheshire. 


FREELANCE TRANSLATOR REQUIRED 
for translating from Russian geological journals 


Son, Ltd., 1 Clement's Inn, London, W.C.2. 


ELECTRONIC WIRING 


ASSISTANTS 

Applications are invited from men experienced 
in wirinz electronic equipment, able to work from 
circuit diagrams and preferably used to prototype 
work. Five-day week, canteen and superannuation 
scheme. 

Please write, stating age, experience and salary 
required, quoting Ref. B76, to the Personnel 
Officer, Hilger and woo Ltd., 98 St. Pancras 
Way, Camden Road, N.W.1. 


GRANTS & SCHOLARSHIPS 


SCHOLARSHIPS, VALUE £490 TO £700, AND 
smaller grants, for women graduates, 1959-60, 
Closing ome 31, 19 University Grants 

eration iversi 
17A Kings Road, London, S.W.3 ni 


MISCELLANEOUS 


SCIENTIFIC AND TECHNICAL 
wanted to buy for cash.—Nat. Ashley, 27 East 2 
St., New York, 10, N.Y., U.S.A. 


FOR SALE AND WANTED 


UNIVERSITY OF EXETER 

Applications are invited from persons with good 
honours degree in zoology for a Research Student- 
ship in the Department of Zoology for work in 
river ecology. Value £370 per annum. 

Further particulars may be obtained from the 
Secretary of the University. Closing date for ap- 
plications October 10, 1958.. 


QUEEN ELIZABETH COLLEGE 
(UNIVERSITY OF LONDON) 
CAMPDEN HILL ROAD, W.8. 

Grant of £400 per annum offered to postgradu- 
ate student for research in Bacteriology Depart- 
ment; experience ir systematic pom 
= or nutritional studies of bacteria desir- 
able. 

Applications to the Secretary. 


UNIVERSITY OF ABERDEEN 

Application is invited for two RESEARCH 
STUDENTSHIPS to be held in the CHEMISTRY 
DEPARTMENT. Minimum qualifications: B.Sc. 
honours degree or equivalent, such as the Gradu- 
ate Membership of the Royal Institute of Chem- 
istry. Research work will consist of investigations 
of the chemistry and crystallography of silicates 
with particular reference to (2) amphiboles and 
(b) calcium silicates. The stipend will be not less 
than the current D.S.I.R. Studentship rates. 

Particulars from the Secretary, the University, 
Aberdeen, with whom applications (two copies) 
should be lodged, by October 25, 1958. 


FOR SALE 

1 Electric Muffle furnace by Gallenkamp with 
thermostat and temperature indicator. Muffle 
internal size 14 in. by 7 in. by 4$ in. Type 
5723 max. temperature 1,000° 

1 Drying Oven G. & T. Modulat. Max. tem- 
perature 160° C. 

Binocular Microscope by Type 
M.1255L2 in case with 16 m/m, 4 m/m, and 
2 m/m objectives and transformer. 

1 Monocular microscope by Beck. Type 3228 
in case, with 32 m/m, 16 m/m, 4 m/m, 2 m/m 
objectives and x10, x6 eye pieces and 
transformer. 

1 Chemical Balance Nivoc $13-350. 

1 Microid Gas Generator. 

1 Hot plate Heatrae 3.3 kw., size 24 in. by 
12 in., 45 Boxes Filter Papers size 15 cm. dia. 
Types 541, 40, 41, 4, and 44. 

For further particulars write Box 720, T. G, 
— wer Son, Ltd., 1 Clement’s Inn, London, 


FOR SALE. HILGER LARGE QUARTZ 
Spectrograph, E.429, with Excitation Microphoto- 
meters and other ancillary 
Administrator, — of Biochemistry, South 
Parks Road, rd. 


TRADE ANNOUNCEMENTS 


SILICA CONES AND SOCKETS. POLISHED 
Silica Discs. Ex-stock.—Send for details to 
Jencons (Scientific) Ltd., Mark Road, 
Hempstead, Herts. 


Full details available from : 


THERMOCOUPLE POTENTIOMETER 


Type P.4. 


0-21 
couples. 


This is a robust portable instrument suit- 
able for temperature measurement with 
all thermocouples and for calibrating the 
indicating instruments that are used with 
thermocouples. 

Two ranges are provided: 0-105 mV. 


for use with base metal couples and 
millivolts for precious metal 


An auxiliary potential divider included 
provides an adjustable potential which 
can be injected into external instruments 
for calibration purposes. 


DELIVERY: PROMPT 
PRICE: 


CROYDON PRECISION INSTRUMENT CO. 


HAMPTON ROAD - WEST CROYDON - SURREY. Telephone: THOrnton Heath 4025 


£66-0-0 
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NATURE 


THE LEADING INTERNATIONAL JOURNAL OF SCIENCE 


Published Weekly Two Shillings and Sixpence 
* 


“NATURE” surveys the whole field of pure and applied science, and is authoritative and topical. 
It is read by scientific workers all over the world. 


* 
Every issue includes 
A LEADING ARTICLE—on science in relation to modern life and public affairs. 
REVIEWS—each by an authority on the subject discussed. 
GENERAL ARTICLES—surveying new discoveries and developments. 
NEWS and VIEWS—on current topics and events, 


DESCRIPTIVE REPORTS—of scientific meetings, 


LETTERS TO THE EDITORS and SPECIAL ARTICLES—in which scientific 
workers of all countries of the world describe their current investigations. 


A classified list of recent Scientific and Technical Books is included each month, 


* 


The charges for direct postal subscriptions, postage paid to any part of the world, are 


12 months £715 0 
6 months (26 ‘issues) om 3 17 6 
3 months (13 issues) os 9 


Please send me “NATURE” for .... months, beginning with the issue for ........eceseeeeeees 


for which I enclose remittance value .....seeeseeeees 


MACMILLAN & CO. LTD., St. Martin’s Street, London, W.C.2 
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SPRAY DRYERS 
—backed by 25 years’ 


experience 


For production of animal, Sole Agents 
vegetable and chemical for the British Isles : 


CORNWELLPRODUCTSLTD. 


350 industrial and 220 2o2GreatPortland Street, 
laboratory N.A. Spray LONDON, W.1 


ti 
Dryers are in operation Tel. EUSTON 5897 
throughout the world. 


NIRO ATOMIZER LTD 


phosphors 
& counters 


PLASTIC, LIQUID, AND CRYSTAL PHOSPHORS 


* PLASTIC PHOSPHOR N.E, 102, light output 65% anthracene, available 
in thin sheet form, in 


track chambers (Bulletin 11). 
POLYESTER PLASTIC PHOSPHOR N.E. 400 and N.E. 401 


neutron detection 
ad LOADED " LIQUID SCINTILLATORS in bulk or encapsulated, contain- 
ing Pb for extreme X-ray sensitivity, and Gd, B, Cd, and Sm for neutron 
detection (Bulletins ae and 9a). 
* SCINTILLATING GELS for efficient internal counting of suspended 
materials (Bulletin 9). 


* SCINTILLATION CHEMICALS highest purity P.B. POPOP, 
T.P.B., p-terphenyl, PPO, D.P.H., NP O., DMC. B.P.O., 
vinyltoluene, styrene, xylene, toluene, and methyl borate Bulletin 10). 
* LIGHT a of polyvinyltoluene and polystyrene. 

* HARSHAW SODIUM IODIDE CRYSTALS. Exclusive concessionaire 
for Great Britain. Also Lil(Eu) and CsI(T)D. 

NEW LINE OF NUCLEAR INSTROMENTS 

* Non Overloading * Highly 

Amplifier N.B. 5202 the Fair- 

(Bulletin 1 


Human Body 
Installation N.E. 8101. 
Multi-Channel Scintillation Spec- 
trometer N.E. 8201 for Industrial 
Tracer Investigations. See our exhibits on Stand No. 132 at the Geneva “Atoms 
° Scintillometers for Geophysical Ex- ** Exhibition 

olotation, Mark VI and Mark IX. 


: Write now for Bulletins 9, 9a, 10, 
Nuclear Enterprises (G.B.) Ltd. 11.12, 13: 14. 15 Price 


BANKHEAD MEDWAY, SIGHTHILL, EDINBURGH, SCOTLAND. Tel: CRA 4513 Company; Nuclear 


(10193. 
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